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I’  r  e  f  a  c  e 


This  volume  coiUuius  the  abstracts  of  the  scientific 
contributions  which  have  been  presented  at  the  XV  International 
Conference  on  Photochemistry  (Paris,  july  28  to  august  2,  1991). 

The  10  plenary  lectures  will  be  published  separately  as  a  special 
issue  of  the  Journal  of  Photochemistry  which  will  be  sent  by  the 
end  of  this  year  to  each  active  participant  of  the  Conference.  ^  (f 

The  abstracts  (received  up  to  the  first  day  of  the  Conference) 
contained  in  the  present  book  -  have  been  reproduced  as  submitted 
by  the  authors.  The  4  pages  abstracts  of  the  invited  lectures  have 

been  entered  in  alphabetic  order  according  to  the  seven  topics  of 
the  Conference  :  gas  phase  photophysics  and  photochemistry, 
photophysics  and  photochemical  kinetics  in  condensed  phase, 
modification  of  molecular  assemblies,  biological  aspects  of 
photochemistry,  environmental  photochemistry,  instrumentation 
and  new  techni(|ues  in  photochemistry,  applications  of 
photochemistry.  The  abstracts  of  the  oral  and  poster  contributions 

have  been  subdivided  into  the  same  seven  topics  and  entered  in 
order  of  arrival  at  the  secretariat. 

1  would  like  to  take  this  opportunity  to  thank  my  colleagues  of 
the  International  and  Local  Scientific  Committees  for  their  precious 
help,  my  colleagues  and  coworkers  of  the  Local  Organizing 
Committee  for  their  tremendous  effort  in  the  organization  of  the 

Conference,  and  the  sponsors  who  helped  the  organization  of  the 

Conference  by  their  financial  support. 

Paris,  September  20  Jean  Kossanyi 
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STRUCTURE  OF  THE  BENZENE-Ar^  COMPLEXES.  M.  Schmidt.  M.  Mons  and  J.  Le  Calv6. 

(Saclay.  France) 

1-45  THE  Cs(7P)+H2  ->  CsH+H  PHOTOCHEMICAL  REACTION.  J.-M.  L’Hermile.  G.  Rahmat 
and  R.  Vetter.  (Orsay.  France). 

1-46  PHOTOCHEMISTRY  OF  GASEOUS  CIS-1 .3  PENTADIENE  AT  1 84.9  AND  1 47.0  NM. 

G.  J.  Collin,  H.  Deslaurlers  and  G.  R.  De  Mard,  (Brussels,  Belgium). 

I-47  REACTIVITY  OF  BINARY  CLUSTERS  N20-(Ar)n  WITH  BARIUM  ATOMS. 

A.  Lallement,  J.  Cuvelller,  J.M.  Mestdagh,  P.  Meynadier,  P.  de  Pujo,  0.  Sublemontier, 

J.-P.  Visticot,  J.  Berlande  and  X.  Biquard,  (Saclay,  France). 

I-48  PHOTODISSOCIATION  DYNAMICS  OF  DOUBLY  EXCITED  STATES  OF  Hj.  M.  A.  Buntine, 

D.  P.  Baldwin  and  D.  W.  Chandler,  (LIvermore.USA). 

I-49  CAGE  EFFECT  ON  THE  PHOTOOISSOCIATION  OF  SMALL  MOLECULES  IN  RARE  GAS 
MATRICES.  R.  Schriever,  H.  Kunz,  K.H.  Gddderz,  M.  Chergui,  J.  McCaffrey  and 
N.  Schwentner,  (Berlin,  Germany). 

I-50  ON  THE  193  NM  PHOTODISSOCIATION  OF  ACETONE.  R.  McDiarmid.  (Bethesda,  USA). 

1-51  PHOTOPHYSICS  OF  JET-COOLED  AROMATIC  AMINES.  D.  Phillips,  E.  Joslin,  H.  Yu, 

R.  Howell  and  A.G.  Taylor.  (London,  UK). 

1-52  DETECTION  OF  THE  HOCO  RADICAL  AND  ITS  UFETIME  IN  GAS  PHASE. 

A.  MIyoshI,  N.  Washida  and  H.  Matsui,  (Tsukuba,  Japan). 

I- 53  DIRECT  INVESTIGATIONS  OF  ABSaUTE  REACTIVE  CROSS  SECTIONS  AND  PRODUCT 

STATE  DISTRIBUTION  OF  OH  RADICALS  PRODUCED  BY  VERY  FAST  H  ATOM-MOLECULE 
REACTIONS.  A  Jacobs,  F.M.  Schuler,  H.R.  Voipp,  M.  Wahl  and  J.  Wollrum,  (Heidelberg, 
Germany). 

II  -  PHOTOPHYSICS  AND  PHOTOCHEMICAL  KINETICS  IN  CONDENSED  PHASE 

II- 1  TRIPLET  EXCIMERS  INVOLVING  CARBAZOLE  .THE  ROLE  OF  lOh'  RECOMBINATION. 

R.  D.  Burkhart  and  G.  W.  Haggquist,  (Reno,  USA). 

11-2  ELECTRONIC  EXCITED  STATE  PROTON  TRANSFER  IN  2-(2'-HYDROXYPHENYL) 

IMIDAZ0(1 ,2-a)  PYRIDINE.  A.  Douhal,  H.  Kandori  and  K.  Yoshihara,  (Okazaki,  Japan). 

11-3  VISIBLE  UGHT  INDUCED  ELECTRON  TRANSFER  ON  QUANTIZED  CdS. 

S.  Yanagida,  S.  Fukami,  H.  Ankyu  and  T.  Shlragami,  (Osaka,  Japan). 

11-4  PICOSECOND  FLUORESCENCE  STUDIES  OF  INTRAMOLECULAR  CHARGE  TRANSFER.  A  NEW 
VIEW  AT  TICT.  U.  Leinhos,  W.  KOhnIe  and  K.  A.  Zachariasse,  (Gdllingen,  Germany). 

11-5  PHOTONDUCEDELECTRONTRANSFERCHEMISTRYOF  AZOALKANES  :GENERATION 
OF  1 5-CYCLOPENTADIYL  RADICAL  CATIONS  AND  THEIR  TRANSFORMATIONS. 

J.  Sendelbach  and  W.  Adam,  (WOrzburg,  Germany). 

11-6  SITE  SELECTIVITY  AND  SOLVENT  DYNAMICS  CONTROL  IN  ELECTRON-TRANSFER 
REACTION  OF  BIANTHYL  IN  POUR  SOLVENTS  AND  IN  COMPLEXES  WITH  PROTEIN 
MOLECULES.  A.  P.  Demchenko  and  A.  I.  Sytnik,  (Kiev,  USSR). 

11-7  PHOTOCHEMICAL  REDUCTION  OF  CO2  CATALYZED  BY  OLIGO(p-PHENYLENE)S. 

S.  Matsuoka,  C.  Pac  and  S.  Yanagida,  (Osaka,  Japan). 

11-8  ON  THE  MULTIPLE  FLUORESCENCE  EMISSION  OF  A  CUSS  OF  UNSYMMETRICAL 
D-A-D'  MOLECULES:  UNSYMMETRICAL  SQUARAINES.  K.Y.  Law,  (Websler,  USA). 

11-9  N-PHENYLAZA-1 5-CROWN-5  AS  FLUORESCENT  PROBES  OF  THE  DETAILED  FEATURES 
OF  IONS  COMPLEXATION.  J.F.  Letard,  K.  Czeschka,  R.  Shumacher  and  R.  Lapouyade, 

(Bordeaux,  France). 

11-10  THE  CHARGE-TRANSFER  STATE  AND  SINGLET  OXYGEN  PRODUCTION  IN  PHOTOEXCfTED 

ORGANIC  MOLECULE-MOLECUUR  OXYGEN  COMPLEXES.  M.  Kristiansen  and  P.  R.  Ogilby, 
(Albuquerque,  USA). 

11-11  SWING  ELECTRON  TRANSFER  ACTIVATION  OF  OXYGEN  TOWARDS  AROMATIC 

COMPOUNDS.  M.  JulHard  and  M.  Chanon,  (Marseille,  France).  \ 

11-12  THE  SOLVENT  POURITY  DEPENDENCE  OF  TICT  FORMATION  RATES.  D.  Braun  and  ^ 

W.  Reltig,  (Berlin,  Germany).  1 

> 

I 
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11-13  PARAMETERIZATION  OF  ELECTRON-TRANSFER  QUENCHING  IN  THE  FINIT  E  SINK 
APPROXIMATION.  B.  Stevens,  D.  N.  McKelthan  and  C.  J.  Blver  III,  (Tampa,  USA). 

1 1  -  U  LIGHT-INDUCED  ELECTRON  TRANSFER  AND  CONFORMATIONAL  DYNAMICS  IN 
TRICHROMOPHORIC  ELECTRON  DONOR-ACCEPTOR  MOLECUl  ES.  A.M.  Brouwer, 

R. D.  Moul,  P.H.  Maassen  van  dan  Brink,  H.J.  van  Ramesdonk,  J.W.  Verhoeven, 

J.M.  Warman  and  S.A.  Jonker,  (Amsterdam,  Netherlands). 

11-15  PHOTOINDUCED  ACRIDINE  FORMATION.  M.F.  Budyka  and  M.V.  Alfimov,  (Moscow,  USSR). 
11-16  EXCITED  STATE  SOLVENT  INTERACTIONS  OF  ALIPHATIC  AND  AROMATIC  AMINES. 

G.  Kdhier,  (Vienna,  Austria). 

11-17  INTRAMOLECULAR  TRIPLET  EXCIMERS  OF  BRIDGED  DIARYL  COMPOUNDS. 

S.  Modiano,  J.  Dresner  and  E.C.  LIm,  (Akron,  USA). 

11-18  ELECTRONIC  RELAXATION  IN  2-PYRIDONE  VIA  HYDROGEN  BONDED  DIMERS. 

A.C.  Testa,  (Jamaica,  USA). 

11-19  THE  GROUND  STATE  BENZENE-OXYGEN  COMPLEX.  EA  Gooding  and  P.R.  Ogiby, 
(Albuquerque,  USA). 

11-20  PARTIALLY  CONSTRAINED  PROXIMATE  CHROMOPHOBES:  EXCIMER  STRUCTURE  AND 
KINETICS  IN  DIANTHRACENE.  G.D.  Scholes,  K.P.  Qhiggino  andO.  J.  Wilson 
(Parkville,  Australia). 

11-21  A  PHOTOCHEMICAL  AND  LASER-FLASH-PHOTOLYSIS  STUDY  ON  EXCIPLEXES  OF  SOME 
DIARYLETHYIENES  WITH  ELECTRON  DONORS  AND  ACCEPTORS. 

G. G.  Alois!,  F.  Ellsel  and  U.  Mazzucato,  (Perrugia,  Italy). 

11-22  PHOTOINDUCED  INTRAMOLECULAR  CHARGE  SEPARATION  IN  PYRENE-DIMETHYLANILINE 
COMPOUNDS  (PDMA).  AN  EXPERIMENTAL  STUDY  IN  n-HEXANOL  G.  HOttmann, 

W.  KQhnIe,  H.  Staerk  and  A.  Wiessnar,  (Gottingen,  Germany). 

11-23  SOLVATOCHROMISM  IN  ANILS.  E.  Lambi,  D.  Gegiou  and  E.  Hadjoudis, 

(Paraskevi-Atliki,  Greece). 

11-24  DYNAMICS  OF  MULTICOMPONENT  SOLVATION  SHELL  V.  Fidler,  K.  KrIjIova,  S.Vajda 
and  J.  Shroeder,  (Praha,  Czechoslovakia). 

11-25  KETO-ENOL  TAUTOMERISM  IN  THE  METASTABLE  TRIPLET  STATE  OF  2-(2’-DEUTEROXY. 
PHENYL)  BENZOXAZOLE  AND  2-(2*-DEUTEROXY-4'-METHYLPHENYL)BENZOXAZOLE. 

H.  Elsenberger,  B.  Nickel ,  A.  A.  Ruth ,  W.  Al-Soufi,  K.H.  Grellmann  and  M.  Novo, 
(Gottingen,  Germany). 

11-26  EXCIMER  AND  EXCIPLEX  INTERMEDIATES  IN  ANTHRACENE  BUHERFUES. 

G.J.  Wilson,  G.D.  Scholes  and  K.P,  Ghiggino,  (Parkville,  Australia). 

11-27  NAPHTYL-QUINOLYL-ETHYLENES  CONFORMERS :  A  PHOTOPHYSICAL  STUDY. 

G.  Gennari,  P.  Bortolus  and  G.  Galiazzo,  (Padova,  Italy). 

11-28  EXCITED  STATE  PROTON-TRANSFER  PROCESSES  IN  2-PYRIDYLBENZIMIDAZOLES. 

M.  Mosquera,  M.  Novo,  C.  Rios  and  F.  Rodriguez  Prieto,  (Santiago  de  Compostela,  Spain). 
11-29  WAVELENGTH  AND  TEMPERATURE  EFFECTS  ON  THE  PHOTOCHEMiSTRY  OF  VITAMIN  D. 

E.M.  Vroom,  and  H.J.C.  Jacobs,  (Leiden,  Netherlands). 

11-30  ULTRAFAST  CONFORMATIONAL  RELAXATION  PROCESSES  IN  SATURABLE  DYES  STUDIED  BY 
TIME  RESOLVED  SPECTROSCOPY.  M.  M.  Martin.  P.  Plaza.  N.  Dai  Hung  and  Y.H.  Meyer. 
(Orssyi  Frsnco) 

11-31  ULTRAFAST  LASER  SPECTROSCOPY  STUDIES  OF  PHOTOINDUCED  INTRAMOLECULAR 
CHARGE  TRANSFER  AND  TRANS-CIS  ISOMERIZATION.  THE  ROLE  OF  THE  SOLVENT. 

J.C.  Mialocq,  S.  Marguet,  P.  H6ber1,  T.  Gustavsson  and  X.  Armand,  (Saclay,  France). 
11-32  ADIABATIC  CIS-TRANS  PHOTOISOMERIZATIONS  OF  SOME  BIS-STYRYL  COMPOUNDS. 

I.  Anger,  M.  Sundahl,  K.  Sandros  and  0.  WennerstrOm,  (Gdteborg,  Sweden). 

11-33  THEORETICAL  STUDY  OF  THE  DCM  STYRENE  DYE:  PHOTOISOMERIZATION  EFFICIENCY  AND 
TICT  STATE.  A  CS-INDO  MRCI  STUDY.  S.  Marguet,  J.C.  Mialocq,  P.  Millid,  G.  Berthier 
and  F.  Momicchloli,  (Saclay,  France).' 

11-34  HYDROGEN  TUNNEL  EFFECTS  IN  THE  METASTABLE  TRIPLET  STATES  OF  2-(2'-HYDROXY- 
PHENYL)BENZOXAZOLE  .AND  2-(Z-HYDROXY-4'-METHYLPHENYL)  BENZOXAZOLE. 

W.  Al-Souli,  K.H.  Grellmann  and  B.  Nickel,  (Gdttingen,  Germany) 

11-35  THE  OXENIUM  ION,  AN  INTERMEDIATE  FORMED  BY  PROTONATION  OF  AROMATIC 
KETONES  IN  THE  TRIPLET  STATE  ?  P,  Senn  and  J.  WIrz,  (Basel,  Switzerland). 

11-36  PHOTOLYSIS  OF  MATRIX-ISOLATED  NH3 :  MODEL-ASSISTED  IDENTIFICATION  OF 
TRAPPING  SITES  IN  ELECTRONIC  SPECTRA  OF  THE  PRODUCTS.  U.  Schurath, 

C.  Blindauer  and  M.  Winter,  (Bonn,  Germany). 
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11-37  GENERATION  AND  TRANSFORMATION  OF  EXCITED  HYDROXYDIPHENYLMETHYL 
RADICALS  IN  THE  BENZOPHENONE-ETHANOL  3''‘5TRM.  R.  Shulle  Oasirich  and 
W.  Adam,  (WOrzburg,  Germany). 

11-38  THE  PHOTOCHEMISTRY  OF  SOME  2-HALO-1 .3-OIEl'lES.  E.S.  Krijnen  and  G.  Loddar, 
(Leiden,  Netherlands). 

1 1  -  3  9  CIDNP  AND  CIDEP  STUDIES  ON  INTRAMOLECULAR  HYDROGEN  ABSTRACTION  REACTION  OF 
POLYMETHYLENE  LINKED  XANTHONE  AND  XANTHENE.  K.  Maeda,  N.  Suzuki,  Q.-X.  Meng, 
K.  Suzuki,  M.  Terazima,  T.  Azumi  and  Y.  Tanimoto,  (Sendai,  Japan). 

1 1  -  4  0  USER  FLASH  PHOTOLYSIS  AND  THE  PHOTOPOLYMERIZATION  STUDY  ON  SULPHUR 
CONTAINING  PHOTOINITIATORS;  S-PHENYL  THIOBENZOATE.  F.  Morlel-Savary, 

J. P.  Fouassler,  D.  Ruhimann,  H.  Tomloka  and  Y.  Takimoto,  (Mulhousa,  France). 

1 1  -  4 1  DIFFUSIONAL  KINETICS  OF  BIMOLECULAR  PHOTOREACTIONS  ON  SaiD  SURFACES. 

D.  Oelkrug,  M.  Brun,  M.  Gregor  and  S.  Reich,  (TUblngen,  Germany). 

11-42  CIDEP  GENERATED  IN  THE  Si  AND  Ti  MOLECULES-RADICAL  INTERACTIONS. 

A.  Kawai  and  K.  Obi,  (Tokyo,  Japan). 

11-43  PHOTOCHEMICAL  PRIMARY  PROCESSES  OF  POLY(ETHYLENE  TEREPHTHAUTE)  SOLID 
POWDERS;  A  DIFFUSE  REFLECTANCE  USER  PHOTOLYSIS  STUDY.  N.  Fukazawa, 

K.  Yoshloka,  H.  Fukumura,  H.  Masuhara  and  A.  Itaya,  (Kyoto,  Japan). 

11-44  THE  GENERATION  OF  a-fl-DIMETHYLBENZYL  CATION  IN  THE  PHOTOLYSIS  OF  2,3- 
DIMETHYL-2,3-DIPHENYLBUTANE.  PROTONATION  INDUCED  SIDE-CHAIN 
FRAGMENTATION.  J.L.  Faria  and  S.  Steenken,  (MUlheim  a.d.  Ruhr,  Germany). 

11-45  ZERO-FIELD  SPLIHING  OF  THE  FIRST  EXCITED  TRIPLET  STATE  IN  AROMATIC 
CARBENES  ESTIMATED  FROM  MAGNETIC  EFFECTSON  FLUORESCENCE  DECAYS. 

A.  DesprAs,  V.  Lejeune,  E.  MIgirdicyan  and  M.  S.  Platz,  (Orsay,  Prance). 

11-46  SPECTROKINETIC  INVESTlGATtON  OF  THE  UV  DEGRADATION  OF  PHOTOCHROMIC  SYSTEMS. 
G.  Falgayrac,  V.  Plmlenta,  G.  Levy,  D.  Lavabre,  J.P.  Laplante  and  J.  C.  Micheau. 
(Toulouse,  France). 

11-47  HIGH  STABIUZATION  OF  CaORED  SPIRONAPHTHOXAZINES  BY  PHOTOCHROMIC  CHEUTE 
FORMATION.  T.  TamakI,  M.  Sakuragi,  T.  Sekl  and  Y.  Kawanlshl,  (Tsukuba,  Japan). 

11-48  A  PHOTOCHROMIC  SYSTEM  BASED  ON  THE  FORMATION  OF  FUVYLIUM  DYES. 

G.  Haucke,  P.  Czerney  and  U.  Kurzer,  (lena,  Germany) 

11-49  PHOTOCHEMISTRY  AND  PHOTOPHYSICS  WITHIN  CYCLODEXTRIN  CAVITIES. 

E.  Hadjoudls,  I.  Moustakall-Mavridis  and  Q.  Pislolis,(Paraskevi-Attlki,  Greece). 

11-50  POLYMER  MATRIX  EFFECT  ON  THE  PHOTOCHROMISM  OF  SPIROPYRAN.  T.  Ishii 

and  T.  Majima,  (Tokyo,  Japan). 

11-51  PHOTOINDUCED INTRAMOLECUUR  PROTON  TRANSFER  IN  4-METHYLUMBELUFERONE. 

E.  Bardez,  P.  Boutin  and  B.  Valeur,  (Paris,  France). 

11-52  PHOTOINDXED  ENERGY  TRANSFER  IN  A  DONOR-ACCEPTOR  COUMARIN  SUPERMOLECULE. 
RECOVERY  OF  THE  DiSTRIBUTION  CF INTERCHROMOPHORIC  DISTANCES  AND  EFFECT  OF 
CATION  BINDING.  B.  Valeur,  M.  Kaschke,  J.  Pouget,  J.  Bourson  and  N,  Ernsting, 

(Paris,  France). 

11-53  FLUORESCENCE  DEPOURIZATION  BY  ELECTRONIC  ENERGY  TRANSFER  IN  DONOR- 

ACCEPTOR  PAIRS  OF  LIKE  AND  UNLIKE  CHROMOPHOBES.  M.  N.  Berberan-Santos  and 

B.  Valeur,  (Paris,  France). 

11-54  MOLECUUR  INTERACTION  IN  THE  SYSTEM ;  ZINC-TETRAPHENYLPORPHYRIN/POLY-4-. 
VINYLPYRIDINE/METHYL  VIOLOGEN.  M.  I.  C.  Ferreira,  T.  M.  R.  Viseu  and  J.  V.  C.  Fonseca, 
(Braga,  Portugal). 

11-55  ADIABATIC  PHOTOREACTIONS  AS  FLUORESCENCE  PROBES  FOR  POLYMERS. 

R.  Fritz,  W.  Rettig  and  J.  Springer,  (Berlin,  Germany). 

11-56  DUAL  FLUORESCENCE  IN  NOVEL  CAROTENOID-UKE  CHROMOPHOBES. 

N.  Belterman,  M.  Bienioschek,  H.  Ippendorf  and  H.  D.  Martin  (Diisseldorf,  Germany). 
11-57  HIGH  EFFICIENCY  LIGAND-TO-METAL  ENERGY  TRANSFER.  UV  SENSITIZED  RED 
LUMINESCENCE  OF  EUROPIUM(III)  CHEUTES.  J.  M.  Saliferes,  S.  Mosseri  and 
J.C.  Mialocq,  (Saclay,  France). 

11-58  PRESSURE  EFFECT  ON  THE  RADIATIONLESS  DEACTIVATION  OF  SINGLET  OXYGEN  IN 
SOLUTION.  R.  Schmidt,  K.  Seiket  and  H.-D.  Brauer,  (FranklurtyMain,  Germany). 

11-59  PATHWAYS  OF  PHOTOCYCLOADOlTtON  OF  ARENES  TO  ALKENES  AND  DIENES. 

J.  van  der  Hart  and  J.  Cornelisse,  (Leiden,  Netherlands). 

11-60  ISOMERIZATION  REACTION  AND  EXCIMER  FORMATION  KINETICS  OF  DBMBF2. 

T.  Harju,  J.  Erostydk,  Y,  L.  Chow  and  J.  Korppi-Tommola,  (JyvJIskyia,  Finland)., 
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11-61  INTRAMOLECULAR  PHOTOCYCUZATION  OF  SUBSTITUTED  BENZOQUINONES :  MECHANISM 
AND  INHIBITION  OF  THIS  REACTION  BY  INTRAMOLECULAR  ELECTRON  TRANSFER. 

R.  Marquardt  and  R.  Bonneau,  (Talence,  France). 

11-62  EXCITED  STATE  PROPERTIES  OF  PORPHYRIN  HETERO-AGGREGATES.  H.  Segawa, 

C.  Takehara,  K.  Honda,  T.  Shimidzu,  T.  Asahl  and  N.  Malaga,  (Kyoto,  Japan). 

11-63  EXCITED  STATES  OF  TOLYL-TERPYRIDINE  COMPLEXES  OF  Fe{ll),  Ru(ll)  and  Os(ll). 
INTRAMOLECULAR  ELECTRON  TRANSFER  IN  AN  Os(ll)-BASED  DIAD.  E.  Amouyal  and 
M.  Mouallem-Bahout,  (Orsay,  France). 

11-64  EFFECTS  OF  SUBSTITUENTS  AND  SALTS  ON  ISOMERIZATION  OF  STILBENE  CATION 
RADICALS,  H.  Sakuragi,  Y.  Kuriyama,  T.  Aral  and  K.  Tokumaru,  (Tsukuba,  Japan). 

11-65  EXPERIMENTAL  DETERMINATION  OF  THE  APPARENT  RATE  CONSTANT  IN  THE  CASE  OF 
THE  FORMATION  OF  EXCIMER  OF  1 .2-BENZANTHRACENE.  J.  Duhamel,  M.  Bouchy, 

F.  Baros,  S.  SaghbinI  and  J.C.  Andrd,  (Nancy,  France). 

11-66  PHOTOTRANSFORMATION  OF  HYDROQUINONE  IN  AQUEOUS  SOLUTION.  P.  Boule, 

A.  Rossi  and  J.F.  Pilichowski,  (Clermont-Ferrand,  France). 

11-67  PHOTO-CIDNP  OF  PHOTOCHROMIC  COMPOUNDS.  F.  RIelsch,  J.  Marko,  J.M.  Aubry 
and  G.  Vermeersch,  (Lille,  France). 

11-68  REACTION  PRODUCTS  AND  POSSIBLE  TRANSIENTS  FROM  PHOTOLYSIS  OF  MATRIX 
ISOLATED  FURAN-2,3  DIONE  DERIVATIVES.  M.  Hnach,  J.P.  Aycard  and  P.  Verlaque, 
(Marseille,  France). 

11-69  ON  THE  ELECTRONIC  SPECTRUM  AND  PHOTOPHYSICS  OF  MICHLER'S  HYDROL  BLUE  (MHB). 

I.  Baraldi,  A.  Carnevall,  F.  Momicchioli  and  G.  Ponterinl,  (Modena,  Italy). 

11-70  FLUORESCENT  PHOTOCHROMIC  SYSTEMS.  S.  Jones  and  P.  Douglas.  (Swansea,  U.K.). 

11-71  PROTONATION  AND  PHOTOCHEMISTRY  OF  A  PYRAZOLOTRIAZOLEAZOMETHINE  DYE. 

C.  Couture  and  P.  Douglas,  (Swansea,  U.K.). 

11-72  EVIDENCE  FOR  TWO  GROUND  STATE  CONFORMERS  OF  TETRABENZO  (a,  od,  I,  Im) 

PERYLENE.  J.  Waluk,  J.  Michl  and  J.  Fetzer,  (Warsaw,  Poland). 

11-73  TIME-RESaVED  KINETIC  STUDY  OF  SOLVENT  DEPENDENT  INTRAMOLECULAR  PROTON 
TRANSFER  IN  BIS-OXAZOLE  DERIVATIVES,  A.  U.  Acuna,  F,  Heisel,  J.  A.  Mieh6  and 
M.  Sowinska,  (Strasbourg,  France). 

11-74  A  PHOTOPHYSICAL  AND  PHOTOCHEM.CAL  STUDY  OF  RHODAMINE  LASER  DYES.  P.  Hebert, 

X.  Armand,  J.C.  Mialocq,  R.  Bonneau  and  J.P.  Morand,  (Saclay,  France). 

11-75  THE  WOLFF  REARRANGEMENT  OF  a-DIAZOKETONES.  0.  Strausz,  E.  Lown,  R.  Gosavi  and 
M.  Torres,  (Edmonton,  Canada). 

11-76  MULTIPLE  ADIABATIC  CIS-TRANS  PHOTOISOMERIZATIONS.  M.  Sundahl,  T.  Aral, 

K.  Sandros,  K.  Tokumaru  and  0.  WennerstrOm,  (GOteborg,  Sweden). 

11-77  CHEMILUMINESCENCE  OF  THE  TICT  STATES  POPUUTED  BY  INTER-MOLECULAR 
ELECTRON  TRANSFER.  Z.  R.  Grabowski  and  A.  Kapturkiewicz,  (Warsaw,  Poland). 

11-78  EXCIMER  LASER-INDUCED  C-C  BOND  FORMATION  OF  BICHROMOPHORIC  COMPOUNDS 
VIA  A  DIRADICAL  INTERMEDIATE.  A.  Ouchi  and  A.  Yabe,  (Tsukuba,  Japan). 

11-79  THIN  LAYERS  OF  NOVEL  ELECTRON  RELAY  COMPOUNDS  ON  CONDUCTIVITY  GLASS  AND 
PHOTOSENSITIVE  PAPER.  R.  Bauer.  (Vienna,  Austria). 

11-80  NEW  EVIDENCE  FOR  THE  PROXIMITY  OF  THE  LOWEST  ’n«'  AND  ’im'  STATES  AS  THE 
CAUSE  OF  THE  DUAL  FLUORESCENCE  OF  4-N,N-DIALKYLAMIN0ALKYLBENZ0ATES  IN 
SATURATED  HYDROCARBONS.  M.C.C.  de  Lange,  D.  Thorn  Leeson  A.H.  Huizer  and 
C.A.G.O.  Varma  (Leiden,  Netherlands). 

11-81  PHOTOINDUCED  REDOX  REACTIONS  OF  1-NITRONAPHTHALENE  AND  2-NITROTHIOPHEN 
WITH  METH0XY8ENZENES:  A  FLASH  PHOTOLYSIS  STUDY.  LJ.A.  Marlins.  T.  J.  Kemp, 

S.  J.  Formosinho,  J.  S.  Branco  and  M.  M.  M.  Fernandes,  (Coimbra,  Portugal). 

11-82  THE  INTERMEDIATE  RADICALS  AND  ABNORMAL  PHOTOREACTION  BEHAVIOUR  OF  0- 

SUBSTITUTED  NITROBENZALDEHYDES.  D.  Chen,  Q.  Tian,  J.  Zhou  and  G.  Xu, 

(Beijing,  China) 

11-83  PHOTOGENERATION,  REACTIVITY  AND  COMPLEXATION  OF  DIVALENT  SlUCON 
(SILYLENE)  USING  STATIC  AND  LASER  FLASH  PHOTOLYSIS  TECHNIQUES. 

G.  Levin,  P.K.  Das,  C.  Bilgrien  and  C.L.  Lee,  (Rehovot,  Israel). 

11-84  PHOTOPHYSICAL  PROPERTIES  OF  PORPHYRINOID  COMPOUNDS.  D.0.M8rtire, 

R.  M.  Negri,  P.F.  Aramendia,  S.E.  Braslavsky  and  K.  Schafiner,  (MUlheim,  Germany). 

11-85  FLUORESCENCE  BEHAVIOUR  OF  DIAZONAPHTHOQUINONE-TYPE  PHOTORESIST  . 

MATERIALS.  J.J.M.  VIeggaar,  A.H.  Huizer  and  C.A.G.O.  Varma,  (Leiden,  The  j 

Netherlands).  I 
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II- 86  EFFICIENT  ELECTRON  EXCHANGE  CHEMILUMINESCENCE  OF  A  DIOXETANE  INITIATED  BY 

8-HYDRCXYPYRENE-1.3.6-TRISULFONIC  ACID  TETRASODIUM  SALT.  M.  Josso  and 
P.  Schaap,  (Detroit,  USA). 

;  I  •  8  7  THE  ELECTRONIC  STRUCTURE  COMPUTATION  AND  ELECTRON  PARAMAGNETIC  RESO¬ 
NANCE  SPECTROSCOPY  OF  THE  MATRIX-ISOUTED  MONO  (1 .3,5-TRIFLUOROBEN2ENE) 
VANADIUM  (0)  HALF-SANDWICH  COMPLEX.  S.  Mallar,  I.  Unger  and  R.  Sammynaiken, 
(Fredericton,  Canada). 

Ill  -  MODIFICATION  OF  MOLECULAR  ASSEMBLIES 

III-1  PHOTOPHYSICS  OF  UVSTABIU2ERS  IN  SOLUTION  AND  IN  POLYMER  SUBSTRATES. 

K.  P.  Ghiggino  and  A.  D.  Scully,  (Melbourne,  Australia). 

III-2  PHOTOCHEMISTRY  OF  POLY(BIS(4-BEN2YLPHENOXY)PHOSPHA2ENE).  F.  Minlo, 

M.  Glerla,  P.  Borlolus,  M.  Scoponi  and  F.  Pradella,  (Padova,  Italy). 

II I  -3  POLYMER  CHARACTERI2AT10N  USING  SINGLET  OXYGEN  PHOSPHORESCENCE  AS  A 
SPECTROSCOPIC  PROBE.  P.  R.  Ogilby,  (Albuquerque.  USA). 

II 1-4  PHOTO-OXIDATION  OF  POLY(BIS(4-BEN2YL)PHENOXY)PHOSPHA2ENE. 

M.  Scoponi,  F..  Pradella,  M.  Gloria,  F.  MInto  and  V.  Carassiti,  (Ferrera,  Italy). 

III-5  ABNORMAL  CHANGES  OF  FLUORESCENCE  SPECTRA  OF  PYRENE  IN  Si-Ti  BINARY 

SYSTEMS  DURING  THEIR  SOL-GEL-XEROGEL  TRANSITION  PROCESSES. 

N.  NegIshi,  M.  Anpo  and  T..  Fujii,  (Osaka,  Japan) 

III-6  THE  PHOSPHORESCENCE  OF  2.3.7,8-DIBEN20PYREN-1 .6-DIQUINONE  IN 
SOLUTIONS  AND  FABRICS.  G.T.  Khachalurova,  A.A.  Krasnovsky  Jr., 

M.  Maallem,  Y.  V.  Kovalev  and  G.E.  Krichevsky,  (Moscow,  USSR). 

III-7  PRIMARY  PHOTOCHEMICAL  PROCESSES  OF  ORGANIC  DYES  ADSORBED  ON  SURFACES. 

F.  Wilkinson,  D.R.  Worrall  and  L.F.  Vierra  Ferreira,  (Loughborough,  U.  K.). 

III-8  PHOTOPHYSICS  OF  BEN20QUIN0UNES  ALONG  THE  SOL-GEL  TRANSITION .  A  PROBE  OF 
STRUCTURAL  CHANGES  OF  THE  TRANSITION.  T.  Mabuchl  and  T.  Fujii.(Wakasalo.  Japan). 
Ill-g  NANOSECONDTIME-RESaVEDSPECTROSCOPYANDNANOSECONDDYNAMIC 
PHOTOGRAPHY  OF  POLYMER  FILMS  JUST  UPON  USER  ABUTION.  H.  Fukumura. 

E.  TakahashI,  H.  Masuhara  and  A.  Itaya,  (Osaka,  Japan). 

III- 10  OPTICAL  ELECTROCHEMISTRY:  REAL-TIME  SPECTROSCOPY  OF  CONDUCTION  BAND 

ELECTRONS  IN  A  METAL  OXIDE  SEMICONDUCTOR  ELECTRODE.  D.  Fitzmaurice, 

B.  O'Regan  and  M.  GrOtzel,  (Dublin,  Ireland). 

111-11  REUTIONSHIP  BETWEEN  THE  GEOMETRY  OF  THE  EXCITED  STATE  OF  VANADIUM 

OXIDES  ANCHORED  ONTO  SiOg  AND  THEiR  PHOTOREACTMTY  TOWARD  CO  MOLECULES. 

H.  H.  Patterson,  J.  Cheng.  S.  Despres,  M.  Sunamolo  and  M.  Anpo,  (Orono,  U.S.A.). 
111-12  THE  IhiFLUENCE  OF  METAL(II)  SALTS  AND  SOLID  SUPPORTS  ON  THE  NATURE  OF  THE 
PHOTXHEMICAL  REACTION  OF  1.1-OIPHENYL-2-HALOSUBSTITUTED  ETHENES. 

N.  2upanclc  and  B.  Sket,  (Ljubljana,  Yugoslavia). 

111-13  EFFECTS  OF  CROWN-ETHERS  ON  THE  INTERFACIAL  STRUCTURE  OF  MICELLES 
AND  VESICLES.  T.  Myassoedova,  D.  Grand  and  S.  Haulecloque,  (Orsay,  France). 

111-14  EXCITED-STATE  PROTON-TRANSFER  REACTIONS  IN  LIPID  BlUYER  MEMBRANES  OF 
VESICLES,  Y.  V.  Il'ichev,  A.  B.  Dmyashkevich  and  M.  G.  Kuzrr.in,  (Moscow,  USSR). 
111-15  EXCITED  STATE  DIFFUSION  OF  TICT  MOLECULES  IN  DHP  SUSPENSIONS.  L.  Liu, 

R.  B.  Pansu,  J.  Faure  and  J.  Roncin,  (Orsay,  France). 

111-16  PHOTOCATALYTIC  TRANSFORMATION  OF  SODIUM  1 .3-CYCLOHEXADIENE  1 ,4- 

DIETHANOATE  AND  1 .4-PI  lENYLENEDIACETIC  ACID.  IN  AQUEOUS  2nO  SUSPENSION, 

C.  Richard,  P.  Boule  and  J.M.  Aubry,  (Clermonl-Ferrand,  France). 

111-17  PHOTOPHYSICAL  PROPERTIES  OF  TRIARYL  PYRYLIUM  SALTS.  C.  Ecolfet, 

D.  Markovilsi,  M.  Veber,  C.  Jallaberl  and  H.  Sirzelecka,  (Saclay,  France). 

111-18  DIFFUSION  OF  BIANTHRYL  EXCITED  STATES  IN  MICROHETEROGENEOUS  MEDIA.  L.  Liu, 

R.  B.  Pansu,  J.  Faure  ,  M,  Vincent.  J.  Gallais,  R.  Lapouyade,  and  K.  Yoshihara, 

(Ors3y  Frdnco) 

111-19  PHOTOCHEMICALLY  SWITCHED  PHASE  TRANSITIONS  IN  LYOTROPIC  LIQUID 

CRYSTALLINE  SURFACTANT  SYSTEMS.  T.  WolIt  and  B.  Klaussner,  (Siegen.  Germany). 
111-20  THE  NATURE  OF  THE  EXCITED  STATES  OF  CdS  SEMICONDUCTOR  PHOTOCATALYSTS. 

S.  Doherty  and  J.  Sodeau,  (Norwich,  UK). 

111-21  QUANTUM-SI2ED  HgS  IN  CONTACT  WITH  QUANTUM-SI2ED  CdS-COLLOIDS. 

A.  Hasselbarth.  A.  EychmQller  and  H.  Weller,  (Berlin,  Germany). 
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111-22  PHOTOREDOX  PROCESSES  ON  MIXED  TOj/FBaOs  COLLOIDS.  G.  Grabner  and 

J.  Jirkovsky,  (Vienna,  Austria). 

111-23  THE  PHOTODEGRADATION  OF  LIGNIN  MODELS  IN  SOUD  MEDIA.  R.  Ruggiero  and 
M.G.  Neumann,  (Sao  Carlos,  Brazil). 

111-24  OBSERVATIONS  DURING  THE  EXPOSURE  OF  A  Ce-Pd  INTERFACE  TO  WATER  VAPOR 
AND  SOLAR  LIKE  LIGHT.  T.  Greber  and  L.  Schlapbach,  (Fribourg,  Switzerland). 

111-25  DESORPTION  OF  POSITIVE  IONS  INDUCED  BY  PHOTON  IMPACT  ON  CONDENSED 
MOLECULES  (CH4-H2O).  L  Hellner,  G.  Dujardin,  R.  Azria,  M.J.  Ramage  and 
Y.  Le  Coat,  (Orsay,  France). 

111-26  SYNTHESIS  OF  (Cri  .)(Tix)203  SOLID  SOLUTION  BY  LASER-IGNITED  VAPOR-PHASE 
REACTION.  T.  Oyama,  Y.  limura,  T.  Ishii  and  K.  Takeuchl,  (Hirosawa,  Japan). 

111-27  PHOTOPHYSICS  AND  PHOTOCHEMISTRY  OF  COMPOUNDS  WITH  MULTIPLE  PATHWAYS, 
W(CO)4Phen.  E.  Lindsay,  C.  H.  Langford,  O.K.  Sharma  and  D.  J.  Stulkens, 

(Montreal,  Canada). 

111-20  THE  PHOTOCHEMISTRY  OF  AMINO  SUBSTITUTED  1 .4-NAPHTOQUINONES.  A.  M.  Viljoen 
and  F.  J.  C.  Martins,  (Potchefstroom,  South  Africa). 

111-29  THE  INTRAMOLECULAR  PHOTOCYCLIZATION  OF  N-((2-HAL0-ARYL)ALKYL)  PYRIDINIUM 
AND  N  ARYULKYL-2-HALOPYRIDINIUM  SALTS.  Y.T.  Park,  C.H.  Joo,  C.D.  Choi  and 

K. S.  Kim,  (Taegu,  Korea). 

111-30  PHOTOCHEMICAL  REACTIVITY  OF  2,4.6-TRINITROPHENYL  N-SUBSTITUTED  AMINO 
ACIDS  AND  PEPTIDES.  J.M.  Frederiksen  and  N.  Harrit,  (Copenhagen,  Denmark). 

111-31  SINGLE-PHOTON  TIMING  DATA  ANALYSIS  OF  THE  PROBE  MIGRATION  KINETICS  IN 

MICELLAR  SYSTEMS.  M.H.  Gehlen,  N.  Boons  and  F.C.  De  Schryver,  (Leuven,  Belgium). 

1 1 1  -  3  2  PHOTOOXYGENATION  OF  1 ,8-CINEOLE  BY  MOLECULAR  OXYGEN  CATALYZED  BY 
(Bu4N)4Wio032.  J.  Zakrzewski  and  C.  Giannotll,  (Gif  sur  Yvette,  France). 

111-33  ION  FORMING  PROCESSES  UPON  248  NM  LASER  EXCITATION  OF  BENZOPHENONE  IN 

AQUEOUS  SOLUTION.  H.  GOrner,  F.  Elisel  and  G.  Favaro,  (MUlhelm  a.  d.  Ruhr,  Germany). 

111-34  PHOTOCHEMISTRY  OF  CONJUGATED  POLYACETYLENES.  S.  C.  Shim,  S.  J.  Lee  and 
J.  H.  Kwon,  (Seoul,  Korea). 

111-35  PHOTOPHYSICAL  PROPERTIES  OF  ACRIDINE  ORANGE  IN  REVERSED  MICELLES  OF  DOOECYL 
AMMONIUM  PROPIONATE.  M.J.  Marti,  S.  M.  B.  Costa  and  L.  F.  Vieira  Ferreira, 

(Lisboa,  Portugal). 

111-36  PHOTOINDUCED  ELECTRON  AND  ENERGY  TRANSFER  REACTIONS  IN  OIL-IN-GELATIN 
EMULSION  FILMS.  P.  C.  Evans  and  P.  Douglas,  (Swansea,  U.  K.). 

111-37  PHOTOPHYSICAL  STUDY  OF  TWISTED  QUATERPYRIDINE  COMPLEXES  OF  RUTHENIUM  (II). 
E.  Amouyal,  D.  Azhari,  J  M.  Lehn  and  R.  Ziessel,  (Orsay,  France). 

111-38  ELECTROLUMINESCENCE  OF  RARE  EARTH  TRIVALENT  IONS  (RE3+)  AT  THE  SEMICONDUC- 
TING-Zn0/H20  INTERFACE  UNDER  ANODIC  POLARIZATION.  D.  Kouyal6,  J.C.  Ronfard-Haret 
and  J.  Kossanyi,  (Thiais,  France). 

111-39  COMPUTER  SIMULATIONS  OF  PHOTOCATALYSIS  ON  POROUS  SUBSTRATES. 

M.  Tomkiewicz  and  H.  Wang,  (Brooklyn,  USA). 

111-40  PHOTOCATALYSIS  BY  POLYOXOMETALLATES.  A.  Hiskia  and  E.  Papaoonslantinou, 

(Athons  Otoocg) 

111-41  DYNAMIC  ENERGY  AND  ELECTRON  TRANSFER  ON  SURFACES.  D  J.  McGatvey, 

S.  McHugh  and  F.  Wilkinson,  (Loughborough,  U.K.). 

111-42  TEMPERATURE  AND  SaVENT  EFFECTS  ON  POLYSTYRENE  CYCUZATION.  AT.  Reis  e  Sousa, 
C.M.M.  Pereira,  J.M.G.  Martinho,  ,J.C.  Andrd,  F.  Baros  and  M.A.  Winnik,  (Lisboa, 
Portugal). 

111-43  PHOTOCHEMISTRY  OF  VICINAL  Dl-  AND  TRIKETONES.  J.  C.  N.  Ferreira,  V.  Winigens  and 
J.C.  Scaiano  (Itaguai,  Brazil). 

111-44  SOLVATOCHROMISM  AND  SOLVATOKINETIC  BEHAVIOR  OF  CIS-TRANS  ISOMERIZATION  FOR 
MEROCYANINES  IN  MICELLAR  AGGREGATES.  M.  H.  Abdel-Kader,  S.  T.  Abdel-Halim  and 
U.  E.  Steiner,  (  Bahrain). 

111-45  ELECTRONIC  ABSORPTION,  FLUORESCENCE  AND  PHOSPHORESCENCE  SPECTRA  OF 
SELECTED  METHOXYNITRONAPHTHALENES .  SOLVENT  EFFECTS.  K.  Taha-Bouamri, 

J.J.  Aaron,  C.  Parkdnyl,  A.  Sappok-Stang  and,  C.  Boniface  (Paris,  France). 

111-46  KINETIC  STUDY  OF  THE  PHOTOISOMERIZATION  OF  ACETOXYISOPIPERITENONE.  S.  A.  Ndaye 
and  J.J.  Aaron,  (Paris,  France). 
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111-47  SUB-PICO  AND  NANOSECOND  TRANSFER  PROCESSES  IN  MIXED  "ELECTROSTATIC" 

PORPHYRIN-PHTHALOCYANINE  DIMERS.  FROM  THE  LIQUID  PHASE  TO  ORGANIZED  MEDIA. 
T.H.  Tran-ThI,  J.F.  Llpskier,  S.  Palacin,  S.  Gaspard,  D.  Houde,  C.  P6pln,  E.  K6szel  and 
J.P.  Jay-Gerin,  (Saclay,  Franca). 

111-48  PHOTOINDUCED  ELECTRON  WIRE  PROPERTIES  OF  FACE  TO  FACE  TRI-  AND  TETRA- 

PORPHYRINS  EMBEDDED  IN  ULTRATHIN  MEMBRANES.  P.  Seta.  E.  Bienvenue,  J.M.  Janet. 
A.  Lamrable,  P.  Malllard.  G.  Miqual  and  M.  Momenteau,  (Montpellier,  France). 

111-49  PHOTOPHYSICS  AND  PHOTOPOLYMERIZATION  OF  THIN  SOLID  FIU4S  OF  1 ,4-DISTYRYL- 
BENZENE  AND  2,5DISTYRYLPYRAZINE.  R.  Lege.  H.  Egelhaal  and  D.  Oelkrug, 

(Tubingen,  Germany). 

111-50  PHOTOELECTROETCHING  OF  n-SILICON.  A.  Lagoubi,  C.  L6vy-CI6ment. 

M.  Neumann-Spallart,  M.  Rodot  and  R.  Tenne,  (Meudon,  France). 

111-51  ON  THE  EXCIPLEX  ROUTE  IN  THE  ELECTRON  TRANSFER  BETWEEN  N.N'-DIACYLINDIGO 

DERIVATIVES  AND  ELECTRON  DONORS.  J.  Pouliquen,  L.  Atmani,  J.  Kossanyi,  W.  Winigens 
and  H.  Gdrner,  (Thials,  France)., 

111-52  PHOTOCHEMICAL  FORMATION  OF  (Re(bpy)(CO)3{  P(OEt)3)2)+  AND  PHOTOSENSITIZED 
CO2  REDUCTION.  C.  Pac  and  0.  Ishitani,  (Sakura,  Japan). 

111-53  PULSED  LASER  PHOTOCHEMISTRY  OF  PENTANAL  AT  355  NM.  P.  Paquel, 

R.  Fellous,  R.  Stringat,  and  G.  Fabre,  (Nice,  France). 

111-54  LASER  ABSORPTION  SPECTROSCOPY  OF  EXCIMER  USER  ABUTION  PROCESS. 

R.  Mitzner,  A.  Rosenfeld  and  R.  Kdnig,  (Berlin,  Germany). 

111-55  OPTICAL  EMISSION  SPECTROSCOPY  OF  EXCIMER  USER  ABUTION  PROCESS  AT 
CERAMIC  MATERIAL.  P.  Taubert  and  R.  KOnig,  (Berlin,  Germany). 

111-56  EVANESCENT  WAVE-INDUCED  FLUORESCENCE  OF  POLYMERS.  D.  Phillips. 

G.  Rumbles,  A.J.  Brown,  B.  Crystall  and  T.  Smith,  (London,  UK). 

111-57  CHANGE  IN  SURFACE  CHEMICAL  STRUCTURE  OF  POLYETHERSULPHONE  BY  EXCIMER 
LASER  IRRADIATION.  S.  Sugimoto,  S.  Kawanishi,  Y.  Shimuj, 

N.  Suzuki,  K.  OhnIshi  and  S.  Aral,  (Osaka,  Japan). 

111-58  SENSITIZATION  OF  PHOTOPOLYMERIZATION  PROCESS  BY  EXCITATION  ENERGY 
TRANSFER.  B.  Polacka  and  Z.  Polacki,  (Gdansk.  Poland). 

111-59  CONDUCTIVE  ORGANIC  THIN  FILMS  AND  MEMBRANES.  THEIR  SCIENTIFIC 

FOUNDATIONS  AND  INDUSTRIAL  APPLICATIONS.  S.  K.  Bahador,  (Kyoto,  Japan), 

111-60  PHOTOSENSITIVE  CHEMICALLY  MODIFIED  ELECTRODES  ON  THE  BASIS  OF 
FLUOROCARBON  POLYMERIC  MEMBRANE  MF-4SK.  G.  A.  Shagisullanova, 

A.  M.  Timonov  and  A.  M.  Tilse,  (Leningrad,  USSR). 

111-61  SPECTROSCOPY  AND  PHOTOCHEMISTRY  OF  NITROGEN  DIOXIDE.  AN  AB-INITIO 
MRD-CI  STUDY.  C.  Godoy  and  G.  J.  Vdzquez,  (Morelos,  Mexico). 

111-62  PHOTOPHYSICS  AND  PHOTOCHEMISTRY  OF  HYDROXY-  AND  METHOXYBENZENES 

COMPLEXED  TO  CYCLODEXTRINS.  G.  Grabner,  G.  Kdhler  and  S.  Monti,  (Vienna.  Austria). 
111-63  PHOTOSTABILIZATION  MECHANISMS  OF  HALS :  INTERACTION  WITH  SINGLET  AND 

TRIPLET  ANTHRACENE.  P.  Borlolus,  M.  Camaioni,  L.  Flamigni,  F.  Minlo,  S.  Monti  and 
A.  Faucitano,  (Bologna,  Italy). 

111-64  PHOTOCHEMISTRY  OF  THE  ALKALIDE  Na+C222.Na-.  M.  Debacker.  J.  F,  Lacarri6re  and 

F. ,  X.  Sauvage,  (Lille,  France). 

IV  -  BIOLOGICAL  ASPECTS  OF  PHOTOCHEMISTRY 

IV-1  THE  PRIMARY  CHARGE  SEPARATION  IN  PHOTOSYSTEM  TWO.  J.  Durrani,  G.  Hastings, 

J.  Barber,  D.  Klug  and  G.  Porter,  (London,  U.K.). 

IV-2  USER  PHOTOLYSIS  OF  THE  HISTIDINE-HEME-CO  COMPLEX.  M.P.  Fonlaine-Auparl,  M.C.. 

Marden,  Y.  Huang,  J.L.  Martin,  C.  Poyarl,  J.C.  Lambry  and  R.  Pansu,  (Orsay,  France). 
IV.3  THE  TRIPLET  STATE  OF  TRYPTOPHAN  IN  KERATIN  AND  ITS  REACTION  WITH  OXYGEN. 

G.  Smith,  (Lower  Hull,  New  Zealand). 

I V-4  DNA  AS  A  SWITCH  FOR  THE  PHOTOACTIVITY  OF  HYBRID  MOLECULES  "ZINC-PORPHYRIN 
-ELLIPTICINE".  S.J.  Milder,  B.  Meunier  and  N.  Paillous,  (Toulouse,  France). 
lV-5  THE  PHOTOCHROMIC  EQUILIBRIUM  BETWEEN  BACTERIORHODOPSIN  (BR)  AND  ITS  K 
INTERMEDIATE  STUDIED  BY  USER-INDUCED  OPTOACOUSTIC  SPECTROSCOPY  (LIOAS) 
WITH  NS  AND  SUB-PS  USER  PULSES.  M.  Rohr,  W.  Gartner,  G.  Schweitzer. 

A.  R.  Hoizwarih  and  S.  E.  Braslavsky,  (Mulheim  a.d.  Ruhr.  Germany). 


IV-6  REACTIONS  OF  VINYL  PORPHYRINS  WITH  SINGLET  OXYGEN .  RELEVANCETO 
PHOTOCHEMOTHERAPY.  B.  Aveline,  0.  Delgado  and  D.  Brault,  (Paris,  France). 

I V-7  REACTION  INTERMEDIATES  OF  A  DIHYDROPYRIDINE  DERIVATIVE  OF  AZT  RELATED  TO 
AIDS  DEMENTIA,  STUDIED  BY35S  NM  NANOSECOND  LASER  FLASH  PHOTOLYSIS. 

B.  Czochralska,  L.  LIndqvist  and  P.  F.Torrence  (Orsay,  France). 

IV- 8  FLUORESCENCE  SPECTROSCOPY  AND  TRYPTOPHAN  CONTENT  OF  CHLOROPLASTCOUPUNG 

FACTOR  1  ’CFr.  H.  M.  Younis,  (Alexandria,  Egypt). 

IV  -9  HOLE  BURNING  STUDY  OF  INTACT  CELLS  OF  PHOTOSYNTHETIC  GREEN  BACTERIA. 

K.  Mauring,  L.  Shibaeva,  A.  Taisova  and  Z.  Fellsova,  (Tartu,  Estonia). 

I V  - 1 0  PHOTODYNAMIC  THERAPY  AS  A  CHEMICAL  KINETIC  PROCEDURE.  D.  Gfil,  G.  Moger, 

T.  Shulikovskaya,  L.  SUmegl,  T.  VIdoczy  and  H.A.  El-Zemzam,  (Budapest,  Hungary). 

V  -  ENVIRONMENTAL  PHOTOCHEMISTRY. 

V-  1  PHOTOLYSIS  OF  BIACETYL-OXYGEN  MIXTURES  IN  THE  TEMPERATURE  RANGE  OF  233- 

333  K :  KINETICS  AND  MECHANISM  OF  THE  REACTION  SYSTEM  CHgCOO^-CHgOg-HOg. 

0.  Horie  and  G.  K.  Moortgat,  (Mainz,  Germany). 

V-2  LASER  EXCITATION  OF  THE  A^I^^  A’^Ay  AND  C^Z'y  STATES  OF  MOLECULAR  OXYGEN. 

J.  Wildt,  G.  Bednarek,  E.H.  Fink  and  R.  P.  Wayne,  ((Oxford,  UK). 

V-3  SOIL  SENSITIZED  PHOTODEGRADATION  OF  BIORESMETHRIN.  P.  Clements  and  C.H.J.  Wells, 
(Kingston  upon  Thames,  U.K.). 

V-4  PHOTODEGRADATION  OF  TRIBUTYLTIN  (TBT)  IN  ENVIRONMENTAL  WATER:  THE  ROLE  OF 
THE  SURROUNDING  ATMOSPHERIC  GASES.  J  A.  Navio,  F.  J.  Marchena,  C.  Cerrillos  and 
F.  de  Pablos,  (Sevilla,  Spain). 

V-5  KINETIC  STUDY  OF  THE  REACTION  OF  NO3  WITH  HO2.  A.  Mellouki,  R.  Talukdar, 

A. M.R.P.  Bopegedera  and  C.  J.  Howard,  (Boulder,  USA). 

V-6  UV  ABSORPTION  CROSS  SECTIONS  OF  FORMYL  BROMIDE  AND  CARBONYL  DIBROMIDE. 

H.G.  Libuda,  F.  Zabel  and  K.H.  Becker,  (Wupperlal,  Germany). 

V-7  PHOTOCATALYTIC  DETOXIFICATION  OF  POLLUTED  AQUIFERS:  POTENTIALS  AND  PROBLEMS. 

D.  Bahnemann,  D.  Bockelmann,  R.  Goslich  and  K.  Wolll,  (Hannover,  Germany). 

V-8  PHOTOOXIDATION  OF  ANTHRACENE  IN  AQUEOUS  SOLUTION.  A.  Hdrmann,  G.  Manivannan, 

R.  Pagni,  M.  SIgman  and  J.  Wirz,  (Basel,  Switzerland). 

V-9  LABORATORY  STUDIES  OF  THE  MECHANISM  OF  THE  OXYGEN  AIRGLOW.  J.  A.  Steadman  and 

B.  A.  Thrush,  (Cambridge,  England). 

V- 1 0  THE  PHOTOCATALYSED  REDUCTION  OF  THREE  OXOANIONS.  M.  A.  Malali,  (Chalham, 
England). 

V- 1 1  SPIN-TRAPPING  STUDIES  OF  THE  PHOTOCATALYTIC  DEGRADATION  OF  ACETIC  AND 
CHLOROACETIC  ACIDS  IN  AQUEOUS  POLYCRYSTALUNE  Ti02  DISPERSIONS. 

A.  Chemseddine  and  H.  P.  Boehm,  (Berlin,  Germany). 

V-1 2  REACTIONS.OF  CARBONYL  HAUDES  OF  ATMOSPHERiC  INTEREST.  C.  Balesira-Garcia, 

D.  Scollard,  G.  Le  Bras,  G.  Poulet  and  H.  Mac  Leod,  (Orleans,  France). 

V- 1 3  THE  PARAMETERS  AFFECTING  THE  REDUCTION  OF  AQUEOUS  CARBONATE  PHOTOCATALYSED 
BY  TREATED  SEMICONDUCTORS.  M.  W.  Rophael  and  L.  B.  Khalil,  (Giza,  EgypI). 

V- 1 4  PHOTOCATALYTIC  DEGRADATION  OF  SURFACTANTS  FOR  ENVIRONMENTAL  CONCERN  IN 
AQUEOUS  SYSTEM.  H.  Hidaka,  J.  Zhao,  N.  Serpone  and  E.  Pelizzetti,  (Tokyo, Japan). 

V- 1 5  THE  PHOTOCATALYZED  REMOVAL  OF  ORGANIC  CONTAMINANTS  FROM  WATER.  H.  Al-Ekabi, 
T.  Bolton,  G.  Edwards.  W.  Holden  and  J.  Story,  (London,  Canada). 

V- 1 6  KINETICS  OF  THE  REACTIONS  OF  CX3  (X-F.  Cl)  WITH  O2  IN  THE  PRESSURE  RANGE 
0.5-8  TORR  AT  295  K.  N.  Washida  and  K.  Yamamoto,  (Tsukuba,  Japan) 

V-  1 7  THE  PHOTOCHEMISTRY  OF  THE  MARTIAN  ATMOSPHERE :  A  REVISIT.  M.T.  Leu. 

(Pasadena,  USA). 

VI-  INSTRUMENTATION  AND  NEW  TECHNIQUES  IN  PHOTOCHEMISTRY 

VI-  1  PHOTOISOMERIZATION  OF  STILBENE  AND  AZOBENZENE  DERIVATIVES  IN  POLYMER 

FILMS :  INFLUENCE  ON  SECOND  HARMONIC  GENERATION.  J.  Delaire  and  R.  Loucif-Saibi, 
(Orsay,  France). 

VI-2  NEW  ADVENT  IN  PHOTOCHEMISTRY :  ATOMIC  FORCE  MICROSCOPY.  G.  Kaupp, 

(Oldenburg,  Germany). 


VI-3  USER  SPECTROSCOPY  AND  ABUTION  OF  AN  OPTICALLY-TRAPPED  MICROCAPSULE. 

N.  KItamura,  H.  MIsawa,  K.  Sasaki,  M.  Koshloka  and  H.  Masuhara,  (Kyoto,  Japan). 

VI  -4  FLUORESCENCE  DYNAMIC  ANISOTROPY  OF  AN  OPTICALLY-TRAPPED  MICROPARTICULE. 
K.  Sasaki,  M.  Koshloka,  H.  MIsawa,  N.  KItamura  and  H.  Masuhara,  (Kyoto,  Japan). 

VI- 5  OPTICAL  MANIPUUTION  AND  PHOTOCHEMICAL  FIXATION  OF  POLYMER  UTEX 

PARTICLES.  H.  MIsawa,  K.  Sasaki,  M.  Koshloka,  N.  KItamura  and  H.  Masuhara, 

(Kyoto,  Japan). 

VII-  APPLICATIONS  OF  PHOTOCHEMISTRY. 

VII- 1  METAL-LOADED  TiOg  PHOTOCATALY2ED  REDUCTION  OF  COg  TO  HYDROCARBONS. 

O.  Ishllani,  and  T.  Ibusuki,  (Tsukuba,  Japan). 

VII-2  NaOH-ETCHING  ADVANTAGE  OF  n-Si  PHOTOANODES.  G.  Li.  S.  Wang.  H.  Xiang  and 
N.  Getoff,  (Jinan,  China). 

VII-3  FORMATION  AND  PROPERTIES  OF  ULTRAFINE  IRON  PARTICLES  USING  A  TEA  CO2  USER. 

T.  Majima,  T.  Miyahara,  K.  Haneda  and  M.  Takami,  (Sailama,  Japan). 

VII-4  VISIBLE  USER  LIGHTS  INDUCED  POLYMERIZATION  REACTIONS.  J.P.  Fouassier,  S.K.  Wu 
and  E.  Chesneau,  (Mulhousa,  France). 

VII-5  NEW  SUPERSTABLE  MOLECULES  FOR  LIGHT-INDUCED  ELECTRON-TRANSFER.  H.  Diirr,, 
S.  Bossmann,  M.  Seiler,  R.  Hayo  and  C.  Kranz,  (Saarbrilcken,  Germany). 

VII-6  OPTICAL  INFORMATION  PROCESSING  WITH  BACTERIORHODOPSIN  AND  ITS  GENETICALLY 
MODIFIED  VARIANTS.  C.  Brauchle  and  N.  Hampp,  (MOnchen,  Germany). 

VII-7  TIME  RESOLVED  REFLECTIVITY  AS  A  PROBE  OF  THE  DYNAMICS  OF  USER  ABUTION  OF 
ORGANIC  POLYMERS.  G.  Paraskevopoulos,  D.  L.  Singleton,  R.  S.  Irwin  and  R.S.  Taylor,, 
(Ottdws  Odndcid)i 

VII-8  PHOTOCHEMICAL  PROTON-TRANSFER  USERS.  B.  M.  Uzhinov,  (Moscow.  USSR). 

VII-9  PHOTOCHEMICAL  BEHAVIOUR  OF  WOOD  IRRADIATED  WITH  A  SOUR-TYPE  LIGHT  : 
MOLECUUR  ASPECTS.  M.C.  Trlboulot-Trouy,.  D.  Masson,  A.  Merlin  and  X.  D6glise, 
(Nancy,  France). 

V 1 1  - 1 0  SYNTHESIS  OF  NANOSCALE  SI-BASEO  POWDERS  BY  USER  DRIVEN  REACTIONS. 

M.  Luce,  0.  Croix  and  M.  Cauchetier,  (Saclay,  France). 

V 1 1  - 1 1  DETECTION  OF  NO  IN  THE  POST-DISCHARGE  OF  A  N2^02  MICROWAVE  PUSMA  USING  AN 
ArF  USER.  C.  Lalo,  J.  Deson,  C.  Cerveau  and  R.  Ben-Aim,  (Paris,  France). 

V 1 1  - 1 2  PHOTOELECTROPHYSICAL  AND  SPECTRAL  CHARACTERISTICS  OF  SOLID-STATE  UGHT 
ENERGY  CONVERTERS  BASED  ON  AN  INORGANIC  SEMICONDUCTOR-ELECTRICALLY 
CONDUCTIVE  POLYMER  STRUCTURE.  V.  D.  Pokhodenko  and  N.  F.  Guba,  (Kiev.  USSR). 

V 1 1  - 1 3  THE  CREATION  OF  THE  DATABASE  ON  PHOTOCHEMISTRY  AND  LUMINESCENCE. 

J.  Malkin(Rehovot,  Israel). 

V 1 1  - 1 4  PROGRESS  ON  SACRIFICIAL  PHOTOINDUCED  HYDROGEN  PRODUCTION.  0.  Kdnigstein  and 
R.  Bauer,  (Vienna,  Austria). 

V 1 1  - 1  5  PHOTOCHEMICAL  ENGINEERING  AND  SUPERCRITICAL  FLUIDS.  M.L.  Viriol,  M.C.  Carr6, 
H.  Aziz  and  J.C.  Andr6,  (Nancy.  France). 

V 1 1  - 1 6  PHOTOCYCLIZATION  IN  SYNTHESIS  OF  CATHARANTHINE  AND  ITS  DERIVATIVES. 

H.  Bdicskel,  E.  Gcics-Baitz  and  C.  Szdntay,  (Budapest,  Hungary). 

S-  SUPPLEMENTARY  ABSTRACTS  (upon  request  only). 

S- 1  TIME  RESOLVED  SPECTROSOOPY  OF  GASEOUS  XENON  AND  THEIR  MIXTURES  WITH  H2 
AND  D2  EXCITED  WITH  SR  IN  THE  VICINITY  OF  THE  FIRST  RESONANCE  LINE. 

A.  V.  Kanaev,  T.  MOIIer  and  P.  Giirtler.  (Moscow,  USSR). 

S-2  SO2  FLUORESCENCE  IN  A  MAGNETIC  FIELD  IN  COOLED  SUPERSONIC  MOLECUUR  JETS. 

K. A.  Amosov,  S.A.  Kochubei,  K.N.  Naumochkin,  V.l.  Makarov,  I.V.  Khmelinski  and 

N. M.  Bazhin,  (Novosibirsk.  USSR). 

S-3  THE  STRONG  ISOTOPE  EFFECT  IN  THE  RECOMBINATION  OF  NITROGEN  AND  OXYGEN 
ATOMS  ACCOMPANIED  BY  RADIATION.  A.A.  Matveev,  A.  M.  Pravilov  and  A.  F.  Vilesov,, 
(Leningrad,  USSR). 

S-4  METHOD  OF  QUANTITATIVE  LASER-INDUCED  KINETIC  CHEMILUMINESCENCE 

SPECTROSCOPY.  S.M.  Egorov,  A.M.  Pravilov  and  V.A.  Skorokhodov,  (Leningrad,  USSR). 
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S-5  BLUE  EMISSION  OF  HEATED  CO2 :  CHEMILUMINESCENCE  OR  THERMAL  EMISSION? 

Y.B.  Scheck,  S.Q.  Khidirov  and  L.l.  Bubnova,  (Moscow,  USSR). 

S-6  KrXeF  EMISSION  SPECTRUM  AND  XeF  (B->C)  REUXATION.  N.K.  Biblnov, 

I.P.  Vinogradov,  V.V.  Grebenev,  G.A.  Zikratov  and  D.B.  Koch,  (Leningrad,  USSR). 

S-7  THE  INFLUENCE  OF  MICROENVIRONMENT  ON  THE  PHOTOCHEMICAL  BEHAVIOUR  OF  THE 
PORPHYRIN-VIOLOGEN  DYAD.  E.  Batova,  P.  Levin  and  V.ShatIrovIch,  (Moscow,  USSR). 
S-8  CONFIRMATION  OF  THE  'WIST  OF  “ANIUNES*  IN  THE  GROUND  STATE  BY  HYDROGEN 
BONDING.  ROLE  OF  WATER  TRWJES  IMPURITIES  ON  THE  SPECTROSCOPY  OF  SOLUTIONS. 
C.  Cazeau-Dubroca,  A.  Pelrigua,  G.  Nouchi,  P.  Cazeau  and  M.  Pesquer,  (Talence,  France) 
S-9  THE  STUDY  OF  THE  PHOTa  AND  RADIATION  CONVERSION  OF  SUBSTITUTED  N'-5- 
NITRO-  (FURFURYUDENE)-BENZOHYDRAZIDES  BY  AN  ESR  METHOD.D.A.  Gordon, 

A. I.  Mikhailov,  l.l.  Chuev  and  S.M.  Aldoshin,  (Moscow,  USSR). 

S  - 1  0  PHOTODISSOCIATION  OF  ANTHRACENE  ENDOPEROXIDE  AT  LOW  TEMPERATURES  IN 

METHANOL  GLASSES.  V.V.  Korolev,  D.G.  Sushkov  and  N.M.  Bazhin,  (Novosiblrsk,USSR). 
S  - 1 1  A  NEW  MCTHOD  OF  STUDYING  THE  MECHANISM  OF  PHOTOCHEMICAL  REACTIONS  OF 
RADICALS.  E.  M.  Korol'kova,  V.  A.  RadzIg  and  M.  Y.  Mel'nikov,  (Moscow,  USSR). 

S  - 1  2  TIME-RESOLVED  CIDNP  IN  ELECTRON  TRANSFER  REACTIONS.  A.  I.  Kruppa  and 
T.V.  Leshina,  (Novosibirsk,  USSR). 

S  •  1 3  QUANTUM  CHEMICAL  INVESTIGATION  OF  THE  PHOTOPHYSICAL  AND  PHOTOCHEMICAL 
PROCESSES  IN  ORGANIC  MOLECULES.  G.  Mayer, V.  Anyukhov,  O.  Bazyl,  R.  Kuznetsova 
and  A.  Karipov,  (Tomsk,  USSR). 

S- 1 4  OUGOORGANYLSILSESQUIOXANESASANEWCLASSOFPHOTORESISTS. 

V.  Lavrb.-il'ev,  (Novosibirsk,  USSR). 

S  - 1  5  NUCLEAR  POLARIZATION  STUDIED  IN  HIGH  MAGNETIC  FIELD  DURING  PHOTOCHEMICAL 
REACTIONS  IN  SOLIDS.  A.  Obynochny  and  R.  Sagdeev,  (Novosibirsk,  USSR). 

S  - 1  6  THE  PHOTOCHEMISTRY  OF  THE  DITHIOCARBAMATO  Ni(IV)  COMPLEXES. 

V.F.  Plyusnin,  E.P.  Kuznetzova  and  S.V.  Larionov,  (Novosibirsk,  USSR). 

S  •  1  7  LOW  AND  HIGH  FIELD  CIDNP  APPUCATION  TO  STUDY  OF  FREE  RADICAL  REACTION 
MECHANISMS.  N.E.  Polyakov  and  T.  V.  Leshina,  (Novosibirsk,  USSR). 

S  - 1  8  PHOTOISOMERIZATION  AND  PHOTODIMERIZATION  OF  DIARYLETHYLENES  IN 
AMORPHOUS  STATE.  A.G.  Rachin^y  and  V.F.  Razumov,  (Moscow,  USSR). 

S  - 1  9  PHOTOCHEMICAL  PROPERTIES  OF  AMORPHOUS  AND  CRYSTALUNE  MICRODISPERSIONS 
OF  DIARYLETHYLENES.  V.F.  Razumov  and  A.G.  Rachinsky,  (Moscow,  USSR). 

S  •  2  0  MAGNETIC  FIELD  EFFECT  ON  THE  RECOMBINATION  OF  THE  TRIPLET  RADICAL  ION  PAIR 
STATE  OF  THE  SYNTHETIC  REACTION  CENTERS.  V.  Y.  Shalirovich,  (Moscow,  USSR). 

S  •  2 1  PHOTOLYSIS  OF  AZIDO  ARYLAZOMETHINES :  PHOTOISOMERIZATION  OF  NITRENS  IN 
RIGID  SOLUTIONS.  V.  Smirnov,  (Moscow,  USSR). 

S  -  2  2  EFFECT  OF  HIC-H  INTENSITY  LASER  IRRADIATION  ON  THE  PHOTOCHEMISTRY  OF 
TRIENES.  I.  Terenetskaya  and  A.  Serikov,  (Kiev,  USSR). 

S  -  2  3  SEARCH  FOR  THE  TRANSIENT  SPECIES  IN  THE  QUENCHING  OF  SINGLET  MOLECULAR 
OXYGEN  BY  COBALT  COMPLEXES.  T.  VkJoczy  and  S.  N6melh,  (Budapest.  Hungary). 

S  •  2  4  SPIROPYRANS.  STRUCTURAL  FEATURES  AND  PHOTOCHEMICAL  PROPERTIES. 

S.  M.  Aldoshin  and  L.O.  Atovmyan,  (Moscow,  USSR). 

S-25  THE  INFLUENCE  OF  PaVMER  STRUCTURE  INHOMOGENEITY  ON  OXYGEN  QUENCHINGOF 
PHENANTHRENE  PHOSPHORESCEl'iCE  IN  POLY  (METHYL  METHACRYLATE).  V.A. 
Bagryansky,  V.V.  Korolev,  V.A.  Tolkalchev  and  N.M.  Bazhin,  (Novosibirsk,  USSR). 

S  •  2  6  STUDY  OF  PHOTOINITIATED  ACRYUMIDE  POLYMERIZATION  IN  THE  PRESENCE  OF 
DIMETHYLSULFOXIDE  USING  ^H  CIDNP  METHOD.  V.l.  Maryasova.A.I.  Kruppa, 

T. V.  Leshina,  A.A.  Vedeneev  and  I.V.  Khudyakov,  (Novosibirsk,  USSR). 

S  -  2  7  SPECTROSCOPIC  AND  PHOTOPHYSICALSTUDIES  OF  GOSSYPOL  IN  SOLUTION. 

B.  Marciniak,  H.  Kozubek,  J.  Kopul,  S.  Paszyc  and  B.  Brzezinski,  (Poznan,  Poland). 

S  -  2  8  PHOTOISOMERIZATION  OF  PROVITAMIN  D3  IN  MICELLAR  MEDIA. 

I.  Terenelskaya,  0.  Perminova  and  A.  Yeremenko,  (Kiev.  USSR). 

S  -  2  9  KINETIC  STUDIES  OF  THE  NUCLEOPHIUC  QUENCHING  OF  PHOTOEXCITED 

NITROARYL  ETHERS  BY  UNIVALENT  ANIONS  IN  CATIONIC  MICELLAR  SOLUTION. 

A.  C.  Tedesco,  R.M.Z.  Georgetto,  F.H.  Quina  and  J.B.S.  Bonilha,  (Sao-Paulo,  Brasil). 

S  -  3  0  PHOTOPROCESSES  IN  SURFACE  ABSORPTION  BAND  OF  OXIDES ;  CHARGE  SEPARATION. 
RADICAL  FORMATION  AND  THEIR  REACTIONS.  A.  Volodin.  (Novosibirsk.  USSR). 
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S  -  3 1  SPECTRAL  SENSITIZATION  OF  WIDE  BAND  GAP  SEMICONDUCTORS  BY  ADSORBED 

MOLECULES  IN  UQUID  ANS  GAS  PHASE :  PHOTOCATALYSIS  AND  PHOTOADSORPTION. 

V.  S.  Zakharenko  and  V.  N.  Parmon,  (Novosibirsk,  USSR). 

S  -  3  2  PHOTOINDUCED  INTERACTION  OF  DYE-UPID  IN  MODEL  BIOLOGICAL  MEMBRANE. 

C.  S  Varma  and  B.  B.  Bhowmik,  (Calcutta,  India). 

S  •  3  3  PHYSICAL  METHOD  TO  CONTRa  THE  MOLECULAR  MECHANISM  OF  THE  LOW¬ 
INTENSIVE  He-Ne  USER  UGHT  THERAPEUTICAL  ACTION.  V.N.  Genkin  and 
N.V.  Rukhman,  (Novgorod,  USSR). 

S-34  PHOTOETCHING  OF  POLYMER  FILMS  (PMMA)  BY  Nd  USER  HARMONICS  RADIATION. 

A.A.  Babin,  N.M.  BItyurin,  A.V.  Polyakov  and  F.l.  Feldstein,  (N.  Novgorod,  USSR). 

S  -  3  5  PHOTOCHEMISTRY  METHODS  FOR  CONTROUJNG  PARAMETERS  OF  A  UTENT  IMAGE  USED 
IN  SUBMICRON  LITHOGRAPHY.  V.N.  Genkin,  (N.  Novgorod,  USSR). 

S  -  3  6  EXCIMER  USER  ETCHING  OF  RARE  EARTH  b-DIKETONATE  FILMS.  E.M.  Glebov, 

V.F.  Plyusnin  and  T.N.  Martynova.  (Novosibirsk,  USSR). 

S  -  3  7  INVESTIGATION  OF  THE  MECHANISM  OF  PHOTOCHEMICAL  SMOG  FORMATION. 

V.B.  Mikheev  and  V.M.  Moralev,  (Novosibirsk,  USSR). 

S  -  3  8  PUSH  PHOTOLYSIS  STUDIES  ON  A  WATER  PHOTODECOMPOSITION  SYSTEM  H2 
GENERATING.  T.  Oncescu,  M.  Stefan  and  S.  lonescu,  (Bucharest,  Romania). 


O-  INVITED  LECTURES 


0-1 


HUi.Tii'iK)H)N  si*iaKtttcx)ry  or  ihjj;,  kadicals 

K.  H.  K..  Aslifolti 

School  of  Qicinlstry,  University  of  Bristol,  Bristol  USB  ITS,  U.K. 


Tlic  current  generation  of  pulsed,  tuanble  dye  losers  enn  provide  narrow 
bandwidth  rndintion  of  sufficient  intensity  tlttt  multiphoton  excitation 
processes  becoitK!  a  real  possibility.  Huitiphoton  excitation  niclhods  provide 
spectruscopists  with  n  meiins  of  rcixchliiB,  nnd  therefore  piohlni;,  excited  stales 
the  populntion  of  which  imy  be  forbidden,  by  the  electric  dli.olc  .selection 
rulws,  in  conventional  one  photon  spo.;troscopy .  Ibey  can  nlso  offer  the 
benefits  of  o|>crntionnl  convenience;  uslhf,  siulliphotun  excitation  methods  It  is 
IKissible  to  probe  excited  states  lylnit  nt  vacuum  ultraviolet  (VUV)  equivalent 
energies  wltliout  the  attendant  practical  difficulties  traditionally  associated 
with  working  in  the  VUV  spectral  region. 

In  addition  to  being  convenient  and  (ns  shown  below)  species  selective, 
muittphoton  excitation  methods  can  offer  very  high  sensitivity.  Ibis 
sensitivity  arises  because  molecules  tl>at  undergo  multiphoton  exeltation  to  the 
resonant  state  of  Interest  will,  almost  inevitably,  absorb  one  (or  more)  further 
photons  from  the  Intense  radiation  field  prevailing  within  the  focal  region  of  a 
focussed  dye  laser  pulse  nnd  thereby  be  raised  to  on  energy  above  the  ionisation 
potential  (I. I’.).  The  resulting  Ions  (and/or  eleetrons),  being  citarged 
particles,  con  be  detected  with  high  efficiency.  Such  multiphoton  ionisation 
processes  provide  a  means  of  preparing  internal  state  and/or  energy  selected 
Ions  for  studies  of  ion  fragmentation  pathways  and  ion-molecule  reactions  [1]. 
Here  we  concentrate  attention  on  wliat  inforsotion  multiphoton  ionisation  (MI'l) 
spectroscopy  con  provide  about  the  resonant  intermediate  state  of  the  neutral 
molecule  reached  by  the  initial  multiphoton  excitation  process.  One  area  of 
great  current  interest  concerns  the  application  of  such  methods  to  free  rodlcal 
species  [2].  In  this  contribution  we  describe  recent  multiphoton  ionisation 
studies  of  the  imidogen,  till,  radical  which  illustrate  many  of  the  virtues  of 
multiphoton  excitation  methods. 

Using  near  UV  photolysis  of  llfl>(IXij)  os  n  convenient  source  of  lill(tiU} 
radicals  In  their  metostable  a‘A  state  we  Kave  obtained  numerous  new, 
rotatlonaily  resolved,  resonance  eninnee  KPI  spectra  of  these  two  species. 
Spectroscopic  analysis  shows  the  resonance  enlianccmcnt  in  all  luascs  to  date  to 
be  provided  by  singlet  excited  states  resonant  at  the  tiro  photon  energy. 

Tlie  longest  w.-ivelength  features  observed  [3,4]  in  the  spectra  of  both  till 
and  liD  (\, .~28&nm]  may  be  shown  to  involve  the  origin  levels  of  the  high  lying 
d‘Ii'  valence  state  previously  idrntlfled  via  onalysis  of  Its  emission  to  the 
lower  lying  c‘n  and  b'2’  states  [5].  All  levels  with  v'^  2  in  both  Isotopic 
species  have  been  clinrnctcriscd  in  the  present  work,  tuid  we  have  been  able  to 
provide  the  first  necurnto  rsiinnte  of  the  well-depth  of  the  d  stole  polcnllnl 
function.'  fiote  tint  this  d‘L'*n’A  transillun  will  not  appear  In  the  one  photon 
absorption  spectrum  of  a'A  Imidogen  radicals  slnco  It  involves  a  AA  a  -2  clvuige. 
1Tie  most  interesting  aspect  of  these  spectra,  however,  is  the  observation  tint 
the  Ki’l  process  via  these  levels  of  the  d'T'  state  yields  both  parent  liir(lll}') 
and  atomic  fragment  li'  and  lt*(l)’)  ions,  with  relative  yields  tint  are  strikingly 
dc)^cndcnl  upon  the  precise  excitation  wavelength  and/or  the  ixirtieulor 
rovibronic  level  causing  the  two  photon  resonant  enlianccmcnt  [4,G].  Fig.  1, 
which  shows  excitation  s)>cclra  for  forming  ions  with  m/zslG  (liD*),  H(H')  and 
2(0')  following  excitation  of  {<0(a‘A)  radicals  at  wavelengths  around  28Snra, 
provides  clear  illustration  of  this  dependence.  TTirce  possible  mccliaiilsins  for 
fragment  Ion  formation  have  been  considered  [4],  of  which  (our  photon  ionisation 
doubly  resonance  enhanced  first  (at  the  two  photon  energy)  by  levels  of  the  d‘Z‘ 
slate  and  then  (at  the  throe  photon  energy)  by  nutolontslng  members  of  Rydberg 
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FIgur  1.  Two  photon  resonant  HH  spectra  of  the  ND(d‘I’-a'i)  ortgln  band 
obtnv  jd  using  linearly  pularised  laser  excitation  and  monitoring  (a)  the 
m/zs! (b)  the  m/isH  and  (c)  the  m/z=2  ion  noss  clxmncls.'  Each  spectrum  lias 
been  arbitrarily  seated  to  the  same  imximum  peak  height.  Individual  line 
assignements  are  indicated  by  the  combs  superimposed  above  the  excitation 
spectrum  for  lormlng  jkarent  ions. 


series  converging  to  one  ar  more  of  the  excited  ionisation  limits  is  considered 
most  likely  to  account  for  the  substantially  enlvuiced  N'  ion  yields  observed 
when  MPI  occurs  via  a  selected  subset  of  the  d-a  resonances.: 

To  date,  we  Iwivc  recordtd,  and  areilyscd,  resomnee  enluinccd  HI’I  spectra  of 
a*i  state  NII(H!j)  radirnls  down  to  excitation  wavelengths  around  23(lnm.  Tlie 
siKictrn  l>ccomc  increasingly  complex  and  densely  structured  as  the  laser 
excitation  frequency  is  Increased.  In  the  case  of  Nil  we  are  nble  to  assign 
virtually  all  of  the  observed  lines.;  Tlte  corres|>ondlng  spectra  in  Nil  are 
'enriched'  by  the  presence  of  quite  strong  hot-Uand  transitions  originating  from 
a  A  state  levels  with  v  )  0  and,  in  addition,  show  evidence  of  quite  strong 
perturbations;  as  a  result  we  lave  so  far  only  succeeded  in  asslgpting  about  SOX 
of  the  observed  rovibronic  features..  Here  we  choose  to  sumtanrise  the  results  of 
just  one  of  these  aialyses,  involving  a  ‘if  excited  state,  which  illustrate 
several  features  of  interest,  Tlie  origin  U-tnd  of  this  ‘If  •  a‘A  transition 
appears  strongly  in  l>oth  Nil  and  HD  at  excitation  wavelengths  around  272nm.  We 
assign  this  excited  state  as  a  Rydberg  state,  with  dominant  configuration 
, . .  .  Ihc  Nil  spectrum  is  noteworthy  in  ns  much  tlvit  it  reveals  the 

excited  slate  to  be  affected  by  a  lotxil,  rnlatlimal  level  dependent. 
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Kith  J’»7,8,9. 

contrast  *c  sco  features  attributable  to  the  v’=  I  and  2 

unon  analysts.  It  Is  clear  tlat  these  appear  only  because  they  Iniorncl  i«Uh, 
arc  perturbed  by.  and  borrow  transition  Intensity  from  the  " 

^d  1  levels  of  the  higher  lying  *A  RyUberg  state  configuration 

. . .  .3o*U‘3pw‘..:  Deperturbed  spectroscopic  constants  tor  both  sets  ol 
interacting  levels  Imvc  been  obtained,. 

These  examples  serve  to  highlight  the  following  . 

resonance  enlaced  HPI  spectroscopy  as  a  mwns  of 

exciled^ tair: Uh^* U {ltl:::^n1i“.^of’  a  Vew^plcoseco.^^ 

spectroscopy  can  provide  a  highly  sensitive,  sclccllve  and  specific  detettlot 

lllTMultlphoton  excitation  spectra  generally  -‘‘f ^  ‘‘‘“'/rrVs^lr^lhe 
from  those  governing  traditional  one  photon  transitions.:  As  a 
X  U  l*s  the  ^tentlal  to  reveal  «tny  hitherto  unknown  excltea  electronic 
ita.es  o?  Lleculen  so"«  of  which  can  bo  expected  to  feature  In  new  and 

Illll'^As  fig'  2  Illustrates,  the  competition  between  the  final  one  photon 
Un Uatton  step  and  any  othir  population  loss  processes  from  . 

InuUdlatc  state  (c.g.  predlssoclntlon)  can  show  up  particularly  c  early  - 
molt  Mtably  through  a  narked  diminution  In  the  Intensity  of  speetral 
XllvlW  the  mire  short  lived  levels.  Thus  careful  analysis  of  the  relative 
rovlbronlc  line  Intensities  In  such  multiphoton  Ionisation  spectra  ove 
XacUy  to  reveal  dynamical  a,  well  a,  spectroscopic  Information  about  the 
resonance  enlxtncing  excited  state  [7], 
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DYNAMICS  OK  IMIOTOINDUCKI)  UEACI  IONS  IN  CLUSTERS 

R.n.  Oefbcf<‘‘>-<*>.  R.  . 

A.  Ourcfa-Vclu^"**^*’^  mid  Y.  Ilurwiti*** 

‘‘'>Dc  parimcnt  of  Physical  Chemistry  mid 
'llic  Pria  Huber  Kcsenn:h  Center  for  Muleciilar  Dyiiaiiiics 
'Hie  I  Icbrcw  University,  Jerusalem  91904,  Israel 

and 

^^^Departincnt  of  Chemistry,  University  of  Culifornia 
Irvine,  CA  92717,  U.S.A. 

The  crfuct  of  weak  solvation  bonds  on  molecular  reactions  is  a  fundamental  topic  in 
chemical  dynamics  in  condensed  phases.  Tlie  study  of  photochemietd  reactions  in  clus¬ 
ters  opens  a  novel  approach  tc  this  subject,  via  systems  that  enable  important  theoretical 
and  experimental  advantages.  Tlien:  has  been  vigorous  experimental  activity  in  this  field 
recently,  c.g.,  Tlic  theoretical  results  described  in  this  presentation  deal  with  three 
questions  in  this  neld;  (1)  Is  there  a  cage  effect  for  photodissociation  in  clusters,  and  how 
docs  the  effect  depend  upon  cluster  size.  This  is  examined  ptirticulnrly  for  the  photoiysis 
of  111  in  Xe//(ni),  for  N  in  the  range  from  N=1  to  N°:12.  (2)  What  is  the  role  of  colli¬ 
sions  between  photofragments  and  "solvent  atoms"  in  the  cluster.  Tliis  is  described,  c.g., 
for  photolysis  of  IICl  in  the  ArllCl  cluster.  (3)  What  toe  the  mechanisms  of  reactions 
between  photofragments  and  molecules  in  the  cluster.  This  tpicstions  is  explored  for 
(I  ICI)2..  In  part,  the  studies  were  carried  out  using  classical  trajectory  calculations.  Hie 
other  method  used  extensively  in  this  work  is  a  hybrid  (|uantum/clussical  apiiroach  treat¬ 
ing  light  atoms  (1 1)  by  timc-dcpendcni  quantum  wavepackets,  and  heavier  moms  by  clas¬ 
sical  dynamics,  the  coupling  between  the  classical  and  quantum  modes  being  treated  by 
the  Time-Dependent  Self-Consistent  Field  (TDSCF)  schcmc.^^* 

The  main  specific  results  obtained  fur  photolysis  of  III  in  Xejv(IlI)  are;  (I)  Even  for 
the  case  of  it  simple  solvent  atom,  Xclll,  a  weak  cage  effect  is  found.  It  leads  to  reso¬ 
nances  in  the  phutodissociation  corresponding  to  bouncing  of  the  II  atom  between  the 
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heavy  aioim.  (2)  I'or  N  2: 5,  the  resonances  dominule  the  plioiodissociation  heliaviur, 
leading  to  a  drantatiu  increase  in  the  photodissociation  liretinie,  to  a  "slaiisiicar'  disiribn- 
tiun  for  the  linul  energy  of  the  It  product,  and  to  a  behavior  quite  similar  to  that  in  con¬ 
densed  matter  Xe.  This  shaq)  change  in  behavior  with  cluster  sitce  at  N=5  is  due  to  sieiic 
"trapping"  of  the  II  photofrugment.  The  lifedme  distribution  vs.  cluster  sire  is  shown  in 
I'ig.  1. 

Tig.  t..'nic  "survival  piobabiliiy*  os  a  function  of  lime 

1.2 

0.8 

0.4 

0 

0  0.4  0.8  1.2 
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'I'he  studies  on  photolysis  of  IlCI  in  ArllCI  showed  that  collisions  between  the  II 
fragment  and  the  heavy  atoms  play  un  imporiant  role  in  the  process,  and  multiple  colli¬ 
sions  (up  to  /I  £  S)  are  signilicant.  The  collisions  lead  to  n  broad  energy  distribution  for 
the  II  fragment,  in  sharp  contnuit  to  isolated  IICI  photolysis.  The  energy  distribution  in 
the  photolysis  of  ArllCI  is  shown  in  Fig.  2. 


Pig.  2.  Classical  and  qmisiclassical  kinetic  cncrcv  disiribuliun  of  II  pliiiiorrugincni. 
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Tlic  studies  on  tlie  photolysis  of  (MCI)}  huve  shown  iliiii  the  "lloppy"  ^uuinctry 
results  in  a  high  probability  for  the  inira-clusier  substitution  reaction  in  which  a  nascent 
II  phutufragtnetit  displaces  the  II  of  the  other  MCI.  The  geometry  of  this  process  implies 
very  liigh  v,y  states  fur  the  litial  IICI.  An  important  typical  path  for  tlie  intriiclusier  reac- 
tioit  is  shown  in  Fig.  3. 


Fig.  3.  The  Sn2  mechanism. 

H'  ♦  Cill(v0.1*0) - >  lt'CI(*»6.J«30)  +  It 


This  work  shows  that  photodissociation  in  clusters  can  be,  tind  very  often  is,  very 
different  frotn  the  corresponding  process  in  isolated  monomers.  Very  often,  the  cluster 
effects  manifest  themselves  as  new  interesting  types  of  resonances.  Some  of  the  effects 
foutid  suggest  a  strong  link  between  photochemistry  in  clusters  and  the  corresponding 
processes  in  cotidensed  tnaitcr. 
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I  IIE  IICO  POTENTIAL  KNEUCY  SUUEACE: 
niOUES  USING  MOLECULAR  SCAITEHING  ANl)  PMOTODISSOCIATION 

P.  L.  Houston.  S.  H.  Kablc.W  G.  C.  Mcllanc,!*’) 

D.  W.  Ncycr,  J.-C.  Loijon,^')  and  1.  Durakl'*) 


An  ah  iitilio  ItCO  polcnlinl 
energy  surface  lias  been 
calculated  by  Ilownian, 
Diltnian,  and  Itarding.  Two 
types  of  experiments  in  our 
laboratory  have  been 
perrurined  to  probe  the 
accuracy  of  this  surface. 
Pirst,  hot  hydrogen  atoms 
with  center-of-mass 
collision  energies  of  1.6  or 
2.3  eV  have  been  scattered 
from  CO.  The  II  atoms  are 
created  by  pholodissociation 
of  ll]S  at  222  and  193  nm, 
respectively.  The  resulting 
CO  vibrational  and 
rotational  distribution  lias 
been  measured  using  (unable 
VUV  laser-induced 
fluorescence.  Comparison 
between  cxperimcni  and 
theory  is  shown  in  Pig.  1. 


Department  of  Chemistry 
Cornell  University 
Ithaca,  New  York  14853-1301 
U.  S.  A. 


Figure  I  Relative  populations  for  u«0,  1,  and  2  scattered  CO.  The 
Circles  give  experimental  measuremcnls,  while  the  solid  line  gives  the 
result  predicted  by  (he  classical  trajectory  calculations. 


Second,  I  ICQ  has  been  created  from  photolysis  of  acetaldehyde  and  then  dissociated  using 
visible  light  on  (he  A  (A")  •-  X  (A')  transition.  Following  a  crossing  back  to  the  X  (A')  surface,  the 
IICO  dissociates  to  II  +  CO.  These  fragments  arc  then  probed  by  VUV  laser-induced  fluorescence. 
Ily  fixing  ihc  probe  w..  .clength  and  scanning  (he  visible  IICO  photolysis  wavelength,  we  learn  about 
the  IICO  A  (A")  surface.  A  sample  photofragment  excitation  spectrum  obtained  by  monitoring  the 
CO(u»0,  J«30)  product  is  shown  in  Fig.  2. 


Current  addresses; 

(a)  Environmental  Division,  Proctor  and  Gamble,  Egham,  Surrey,  TW20  9NW,  England. 

(b)  Department  of  Chemistry,  University  of  Minnesota,  Minneapolis,  MN  SS455,  USA. 

(c)  Lahoratoirc  de  Photophysique  Moicculaire,  Universitc  de  Paris-Sud,  Orsay,  France. 

(d)  School  of  Chemisiry,  Tel  Aviv  University,  Tel  Aviv,  Israel. 


W(iv«lcmjlh  (»<n) 

riRurc  2  PilOFEX  spectrum  or  I  ICO  moititoring 
CO(u-0.J«30). 


Ily  fixing  (lie  photolysis  wavelength  and  scanning  the  probe  laser,  we  learn  about  the  dynamics  of 
dissociation  on  the  A  and  X  surfaces.  Fur  example,  increased  excitation  of  I  ICO  bending  results  in 
rotational  excitation  of  the  CO  product,  as  shown  in  Fig.  3.  'I'lie  talk  will  summarize  the  results  and 
discuss  the  agreement  between  experiment  and  theory. 


Hftevl  of  KCO  Im'IuI  hi  IICO  iliSMiieinlioii 


Figure  3  The  rotational  distribiition  of  the  CO 
(u^O)  product  shifts  to  larger  J  ns  the  number  of 
(|unntn  of  IICO  bending  vibration  is  increased. 
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SOLVATION  EFFECTS  ON  SUBSTITUTED  AllOMATIC  MOLECULES 
IN  SUPERSONIC  JETS 

r.  LAHMANI,  A.  ZEIINACKER-RENTIEN  and  J.  SEPIOl(*) 

Laboratoire  de  Photophysique  Molfculaire 
Dit.2t3  -  University  de  Paris-Sud 
91405  -  ORSAY  Cedex,  France 

Rtsum6  : 

Les  interactions  soluti-solvant  dans  les  complexes  de  van  dcr  Wants,  constituis  dc 
moiycules  aromatiques  substituyes,  tkssociyes  h  des  solvants  usuels,  ont  yty  ytudiyes  par  les 
techniques  dc  fluorescence  induite  par  laser.  Deux  systymes  sont  exnminys  plus 
particuliyrement  :  le  9-methoxyanthracene  associy  y  des  solvants  protiques  et  le  !• 
cyanonaphtalene  liys  i  des  solvants  potaires.  Les  dyplacements  spcctraux,  la  modification  des 
propriytys  photophysiques,  la  formation  d'isomires  mettent  en  yvidence  I'influence  des 
interations  locales  avec  le  substituant  sur  le  comportement  de  la  molecule  monosolvatye. 


The  generation  of  molecular  complexes  of  weak  bonding  energy  in  supersonic  expansions 
provides  an  unique  way  to  study  in  isolated  conditions  the  interaction  between  molecules. 
When  combined  with  laser  excitation,  this  method  allows  to  investigate  at  the  molecular  level 
the  modifications  of  excited  states  properties  (energy  and  relaxation  processes)  induced  by  the 
presence  of  a  perturbing  ligand. 

Jet  spectroscopies  on  molecular  complexes  involving  large  aromatic  compounds  have  been 
widely  developed  since  a  few  years  with  the  aim  to  give  a  better  understanding  of  the 
photochemistry  and  photophysics  in  solution(*). 

Although  the  understanding  of  solvatochromism  when  going  from  gas  phase  to  solution 
requires  investigations  of  the  influence  of  the  size  of  the  cluster  on  molecular  properties(^),  it 
is  also  of  interest  to  study  solute-solvent  site  dependent  interactions  in  the  case  of  1:1 
complexes.  Substitution  of  aromatic  molecules  by  an  electron  accepting  or  donating  group 
introduces  a  new  site  for  the  attachment  for  the  ligand  different  from  the  aromatic  ring  where 
the  interactions  are  mainly  determined  by  dispersive  forces. 

(*)  On  leave  from  the  Institute  of  Physical  Chemistry,  Polish  Academy  of  Sciences,  44 
Kasprzaka,  01-224  WARSAW,  Poland 
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Such  studies  arc  expected  to  provide  models  to  test  the  theory  of  solvent  effects  in  relation 
with  the  modification  of  electron  distribution  density,  the  description  of  intra  and  inter- 
molecular  charge  transfer  and  acid-base  properties  in  the  excited  state. 

Several  aspects  of  the  behavior  of  the  complexes  formed  between  polar  aromatic  molecules 
and  polar  solvents  in  a  supersonic  expansion  probed  by  laser  induced  fluorescence  technic|ues 
will  be  illustrated  here  with  particular  focusing  on  the  solvent  induced  spectral  shift  of  theSo- 
S.X  0-0  transition,  fluorescence  decay  times  and  isomer  formation. 


COMPLEXES  OF  O-METUOXYANTIIHACENE  WITH  PROTIC  SOLVENTS 

The  9-methoxyanthracene  chromophore  (MeOA)  has  been  selected  as  an  aromatic  ether 
since  the  O  atom  of  the  methoxy  substituent  provides  a  site  for  specific  interactions  with 
hydrogen  bond  donating  solvent.  Thus  these  complexes  differ  from  the  hydrogen  bonded 
complexes  investigated  so  far  which  involve  an  acidic  chromophore  such  as  phenol  or  1- 
naphtol  and  proton  accepting  solvents(^). 

Microscopic  solvent  shift 

We  have  carried  out  a  systematic  study  of  the  microscopic  solvent  shift  induced  by 
complexation  with  a  large  scries  of  proton  donating  solvents  extending  from  IljO,  CHsOIl, 
etiianol,  l-propanol,  2-propanol,  1-butanol,  tert-butanol,  CFaClI^Oll,  (CF3)2CH01I  and 
IlCI.  Addition  of  these  protic  ligands  to  jet  cooled  9-mcthoxyanthraccne  gives  rise  to  new 
bands  in  the  fluorescence  excitation  spectrum  readily  assignable  to  the  formation  of  1-1 
complexes. 

In  most  cases,  the  strongest  band  is  blue  shifted  with  respect  to  the  origin  of  the  MeOA 
origin.  For  the  Me0A-Cll30II  system,  a  red  shifted  spectrum  similar  to  that  appearing  in  the 
complexation  of  mcthylanthraccnc  with  CM3OH  has  been  observed  and  assigned  to  the 
complex  involving  the  interaction  of  the  solvent  with  the  anthracene  ring.  DIue  shifted  bands 
have  also  been  identified  for  the  complexes  of  MeOA  with  2  molecules  of  lIjO  and  Ch3011. 
Complexation  of  MeOA  with  higher  alcohols  gives  rise  to  multiple  origins  in  the  excitation 
spectrum  which  have  been  attributed  to  the  presence  of  different  conformers  in  the  supersonic 
jet.  These  attributions  have  been  confirmed  by  the  hole  burning  spectroscopic  techniques. 

The  blue  shift  of  Sq-Si  transition  of  MeOA  is  characteristic  of  the  presence  of  the 
methoxy  group  and  constitutes  the  signature  of  an  hydrogen  bond  between  the  aromatic  ether 
and  the  acidic  hydrogen  of  the  alcohol.  The  magnitude  of  the  blue  shift  has  been  related  to  the 
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acidity  of  the  solvent.  The  acidity  of  the  alcohols  in  the  gas  phase  is  known  to  increase  from 
methanol  to  tert-butanol  white  the  reverse  order  is  observed  in  solution.  The  observed  trend  of 
microscopic  solvent  shift  in  Jet  follows  the  solution  behavior  rather  than  the  gas  phase  order. 

Relaxation  processes 

In  many  anthracene  derivatives  such  as  MeOA  an  efficient  nonradiative  ISC  channel  from 
the  S)  is  opened  due  to  the  presence  of  a  nearby  higher  triplet  state  T„(‘^).  In  solution  this 
process  is  thermally  activated  indicating  that  T^  is  located  higher  in  energy  than  S.^.  In  jet 
cooled  conditions,  the  S^-T^  energy  gap  is  reversed,  lying  at  higher  energy  than  T^. 
However,  due  to  the  sparse  set  of  T„  levels  coupled  with  S.^O°  level  this  process  is  expected  to 
be  very  sensitive  to  accidental  degeneracies.  These  expectation  is  illustrated  in  the  case  of 
MeOA* I -propanol  complex  which  exhibits  at  origin  a  much  shorter  decay  time  (10  ns)  than 
the  other  complexes. 

In  the  case  of  excitation  of  higher  vibronic  levels  of  the  anthracene  ring,  the  fluorescence 
of  the  excited  complexes  does  not  originate  from  the  initial  excited  state  as  seen  in  the 
dispersed  emission  spectra  but  from  the  many  levels  populated  by  internal  vibrational 
redistribution.  This  process  results  from  the  vibrational  coupling  with  intermolecular  as  well  as 
intramolecular  low  frequency  modes.  Thus  the  decays  may  diff er  according  to  the  nature  of  the 
populated  levels. 

An  example  of  this  behavior  is  observed  in  the  case  of  MeOA-fCHsOIOi^t  complexes 
excited  in  the  383  cm"'  vibronic  level  of  anthracene.  The  1:1  complex  decays  with  a  shorter 
lifetime  (13  ns)  than  the  bare  molecule  (19  ns)  while  the  1:2  complex  decay  is  longer  (28  ns). 
These  result  may  be  explained  by  considering  that  for  1:1  complex  IVR  is  incomplete  and  leads 
to  S.^  intramolecular  modes  which  are  located  above  and  mixed  with  T^.  In  the  case  of  1:2 
complex,  the  excess  energy  is  totally  redistributed  among  the  intermolecular  and  solvent  modes 
from  which  the  ISC  process  is  prohibited.  This  result  may  be  taken  as  an  example  where  two 
molecules  of  solvent  attached  to  the  chromophore  are  sufficient  to  induce  microscopic 
vibrational  relaxation. 


COMPLEXES  OF  1-  CYANONAPIITIIALENE  WITH  POLAR  SOLVENTS 

1-  cyanonnphthalene  (I -CNN)  provides  an  interesting  example  of  a  molecule  with  two 
closely  lying  and  strongly  coupled  S.^  (L(,)  and  Sj  (Lg)  singlet  states  whose  spectroscopic 
properties  arc  influenced  by  a  polar  environment.  In  polar  solvents  the  modification  of 
fluorescence  spectra  has  been  interpreted  by  the  L^-Li,  levels  inversion  induced  by  solute 


solvent  relaxation.  This  efrect  has  been  related  to  the  charge  transfer  character  of  the  state 
which  exhibits  a  larger  stabilization  energy  in  polar  mediate). 

Addition  to  jet  cooled  I -CNN  of  acetonitrile  and  dielhylethcr  leads  to  the  apparition  in 
the  fluorescence  excitation  spectrum  of  two  strong  bands  in  the  region  of  1-CNN  L^)  origin. 
One  of  this  new  feature  is  red  shifted  white  the  other  is  blue  shifted  with  respect  with  the  bare 
molecule  0-0  transition.  Doth  absorptions  can  be  assigned  to  1:1  complexes  from  the  pressure 
dependance  of  their  relative  intensity.  The  fluorescence  decay  times  of  the  acetonitrile 
complexes  excited  cither  at  the  red  shifted  (S2ns)  or  the  blue  shifted  (37n$)  feature  arc  both 
longer  than  that  arising  from  the  bare  molecule  0°  level  (22  ns). 

The  dispersed  emission  spectra  of  these  complexes  are  with  minor  differences  very 
similar  to  that  of  the  free  molecule  when  excited  at  origin. 

The  dispersed  fluorescence  from  higher  vibronic  states  arc  typical  from  vibrational 
redistribution.  The  red  shifted  and  blue  shifted  species  have  different  spectra  at  lower  excess 
energy  but  they  exhibit  both  components  independently  from  the  excited  level  at  higher 
energy.  Similarly  the  fluorescence  decays  are  distinct  below  the  energy  threshold  but  become 
identical  above  the  energy  barrier.  These  results  may  be  interpreted  by  the  presence  of  two 
different  conformers  in  the  ground  state  involving  different  orientation  of  the  solute  and 
solvent  molecules.  Intcrconversion  between  the  two  forms  take  place  in  the  excited  states  with 
an  cncr<y  threshold  above  450  cm"*.  These  observations  may  be  related  to  specific  local 
intcrno'.ions  at  different  sites  of  the  1-cyanonaphthalcne  chromophore  which  modifies  the 
mixing  of  the  L),  and  Lg  excited  states. 
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JKT  5il‘KCTlU)SC01>Y  AND  KXCITKI)  STATIv  DYNAMICS  OK  KUKK,  IIADIOAI.S 

Kiniclii  Ubi 

l)(!|iurLiiiunl  of  ChomisLry,  Tokyo  InsLiLtiU;  of  TccliiioloHy, 
Ohokayama,  Mcguroku,  Tokyo  J52  (Japan) 


Tlio  s)>c(jLroHoupy  and  cxcilcd  nLalu  dynamic!;  of  free  radical!;  are 
Klndiod  in  ll;e  .•!;!porHo;;ic  free  jel.  I’arnnl  iiioU.'cnIi.'!:  arc  phoLolyxed  lo 
l'e(;cra(.e  cold  radical:;  jual  after  ;in  orifice.  Special  railicaln  !;Ludied  ari! 
bctuyl  and  p-substiluted  bcti/.yls,  and  ailyicne  radicals.  I.ascr  induced 
fluorescence  spectra  at;d  fluorusccnec  lifctiii;es  are  measured.  Uotatiunal 
analyses  are  carried  out  usin{'  liif’li  resolutioi;  I.IK  excitatlot;  spectra. 


1.  benzyl  radicals 

benzyl  and  its  p-fluoro,  p-cliloro,  p-cyano  ar;d  p-!;;eLl;yl  derivatives 
arc  produced  from  tbeir  chlorides.  Tlic  vibronic  bands  are  assi(;t;cd  fron; 
tl;c  LiK  excitation  and  dispersed  spectra. 

D-l'Tuorobonzvl:  Ki)’.  la  shows  LIK  excitation  spectrum  of  p-fluoro- 
benzyl.  Tlio  longest  wavolenKtl;  bund  at  AG'). 602  nin  was  a8sii{t;cd  to 
from  tl)c  disperse'!  spectrum  excited  at  t))i8  bond,  wt;ict)  showed  lonjf  pro¬ 
gressions  of  the  symmetric  ring  breathing  mode  p  j,  tliat  is,  and 
Ga'^(i*^ij.  Tl;oy  are  typical 
progressions  appearir;g  it; 
tlie  dispersed  spectra 
exettod  at  the  O^q  bartd  of 
itionosubstitutcd  benzenes. 

Tl;e  I.IK  excitation 
spcctruii;  of  p-fluorobenzyl 

is  very  similar  in  vibronic  Wavelength  (  ntn  ) 

structure  up  to  abotit  1000 
cm“^  fro;n  Lite  O^q  band  to 
that  of  p-fluorotoiuct;c 
(Kig.  lb)  measured  in  the 
jet*^  except  for  the  sl;ift 
of  spectral  region  from  uv 
to  visible.  Thu  assigi;i;tcnt 


of  tl;e  vil)ro;iic  bat;ds  in, 
tliercfore,  straightforward 
It  is  itotcwortliy  thtit  the 


Kig.  1.  K.xcitation  spectr:i 
and  (b)  p-riuorotolueno. 


of  (a)  p-fluorobettzyl 
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O^Q  bund  hiia  sl.roii)!  Inlonsily  wliich  sihows  slinrp  conlranL  wllli  l.li(!  weak 
inlcnsily  of  l.hn  O^q  band  of  benzyl  llaelf  due  to  llio  aocddonlal  I’orbiddon 
I)|-I)q  IransiUun.  Thu  siinitarily  of  Ibu  batul  »t.rnulurnH  ani’ccsLs  LliaL  Lbu 
change  in  a  anbaLlLuunt  Krotip  of  benzone  rlni;  from  CII3  Lo  CII3  uxurLs  liUlu 
influuncc  on  rrn<iiion<!los  of  find  vIbraLiona,  Ihotidh  l.hu  cIncLronio  onori'y  Is 
considerably  elmni'cd.-  However,  Ihc  vlbronlc  slrncLuro  above  1000  ern”* 
from  O^g  is  more  complicuLcd  Lhun  l.twiL  of  p-flnorololnenn  and  many  bands 
remain  unassif'ncd.  Tlie  compiicaLion  of  l.ho  band  sLriicLuro  is  nndersLood 
as  a  resull  of  the  vibronio  couplind  between  D|  and  D2-  p-Cblorol)onzyl 
allows  similar  feature  to  p-fluorobenzyl;  tlie  vilironit;  structures  of  tlio  1,1  K 
excitation  spectrum  is  similar  Lo  that  of  MIM  spectrum  of  p-chloroLolueno. 


P;Moi!'.y Ihenzy!;  The  bit’  excitation  spectrum  of  p-mcLbylbenzyl  does 
not  show  d<>o<J  ai'rcement  with  that  of  p-xylene.^^  The  londesL  wavelcndth 
band  at  <108. , '111  1  nm  was  attributed  to  0*^q  because  its  eru'rdy  almost  adreed 
witli  that  measured  in  low  tom|)craturc  inalrix^^  and  film.''^  'I'he  dispersed 
spectrum  excited  at  the  OtOSl  cm”*  band  has  common  featuros  with  that  of 
p-xylcne  obtained  by  the  0®q  excitation  in  the  prodrossions  of  l||, 

Ga.l,,,  and  Gbil,,,  These  facts 

I  il  I  fJ  I  (  Q  ) 

indicate  that  the  Ot351  cm”*  band  Is 


0**0  of  the  l)2~l)o  l-ransition.  The 
com()licatod  structure  of  the  OrOGI 
cm”'  band  is  iinderslood  as  tbo 
vibronie,  couplind  of  tlie  zero 
vibrational  level  of  1)2  with  the  !)b 
level  of  l)|.  The  very  complicated 
band  droiip  around  ()l700  cm”*  was 


Wavelength  (  nm  ) 


interpreled  by  tlie  vibronic  couplind. 


aiiiorid,  llie  l';iiVi||,=  l  level  ;ind  l)|,V|  =  l 
and  V|,,=  l  levels  I  rum  disperseci 
specira  and  v Ibrid.ional  enei’dies. 

Henzyl;  The  1,11''  exciUition 
spectrum  of  benzyl  is  compared  with 
that  of  toluene  measiirisl  in  the  jet**^ 
as  shown  in  Kid-  2.  These  spectra 


does  not  show  adreemeiil  with  each 
oilier,  liidieal  iiii;  vibronie  eoiiplnid. 


l-'id.'  Z.  l■■..'te,itation  spectra  of  (a) 


lietweeii  l)|  and  II2  simil.ir  io  p- 


benzyl  and  (b)  toluene. 
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inuUiyibcii/.yl.  The  loriticsl  wavclun^lli 
band  uL  '15'1.5<l!j  tiiii  wau  u.ss!i);tted  as  0^^ 
fruin  Ihc  dispersed  specLrum.  Uuiid  Lypu 
was  determined  from  rotutienally  resolved 
hii;h  resolution  Lll''  excitation  spectra. 

Kii;.  3  shows  uti  example  of  hif{h 
resolution  spectrum  for  the  0*^q  band. 

The  band  typo  of  this  band  was 
determined  as  b-type.  This  indicates 
that  the  lowest  electronically  excited 
state  is  l^A^.  It  is  thoui'h  from  the 
dispersed  spectra  that  the  0')'328  and 


21976  21975  2197/. 

Wavenumber  (  cm’*  ) 

Fit;.  3.  llldh  resolution  excitation 


+387  cm”^  levels  have  the  Gb  vibrational  septrum  of  the  0®q  band  of  benzyl, 
character  and  the  0+437  cm”^  level  has 
the  Ga  character.  These 

assignments  are  consistent  with  observed  band  typos;  symmetric  vibrational 
band  Ga^g  is  of  b-type  and  bands  having  6b  vibrational  character  are  of  a- 
type.  The  weak  intensity  of  the  0®q  band  reflects  the  accidental  forbidden 
character  of  the  bj'bg  transition  of  benzyl.  The  strong  intensity  of  the 
6a*g  and  Gb^g  bands  is  interpreted  by  the  breakdown  of  the  accidental 
forbiddenness  due  to  state  miring. 


2.  Siiylenc 

Sill2  and  SiDg  were  generated  by  the  ArK  laser  photolysis  of 
phcnylsilanc  and  phynylsilanc-a-dg,  respectively.  blK  excitation  and 
dispersed  spectra  were  measured  for  the  bending  vibronic  bands  of  the 
a'Bj-X^Aj  transition.  The  rotational  analysis  was  carried  out  from  the  higli 
resolution  LIF  excitation  spectra.  The  heterogeneous  predissociation  to 
Si(^l’)+ll2  Is  proposed  from  the  anomalous  rotational  structure  in  the 
excitation  spectra;  the  rotational  lines  of  the  r(l)  sub-branch  terminating  on 
tile  Kjj‘=0  rotational  level  have  stronger  intensity  than  those  of  the  r(0) 
sub-branch  terminating  on  Kjj’=l,  Liiough  the  iatter  is  expected  to  bo 
stronger  tiuc  to  tlio  low  temperature  Boltzmann  distribution  in  tlie  jet.  The 
time-resolved  excitation  spectra  shown  in  Fig.  4  demonstrate  sliortor  lifetime 
of  K.^’=l  rovibronic  levels  in  tlic  A*U|  state.  The  hclerogencous 
predissociation  is  interpreted  with  the  secoiul  order  perturbation;  A'll|-{ii- 
typo  Coriolis)-*X*Aj-(spin-orbit)-*a^lJ|-»Si('*l’)HI;j'  It  is  experimentally 
demonstrated  that  tliero  is  a  potential  barrier  at  tlic  dissociation  path  of 
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Iho  lioUoin  or  Llio  A^llj  aULe. 
Thu  onaoL  of  Lhc  accond 
prodiacociuLlon  channel  Lo 
SI('n)Hl2  aL  Lho  (0,7,0) 
vibronlc  level  of  SiIl2A^nj  is 
inanifuaLcd  ua  sharp  decrease 
In  Ihe  observed  fluorescence 
lifnllmo.  The  elocLronlc 
Iransillon  niotiicnL  of  the  A*Bj- 
X^Aj  Iransillon  is  csllmaled  lo 
1)0  I /i  g|  ^=0.20e^aQ^  from  lho 
KInsleIn  equalion  for 
sponlanooua  omission  uslnK 
measured  fluorescence  llfolimcs 
for  aifiKlo  rovlbronic  levels 
wilh  Kj|^'=0  and  calculaicd 
Kranck-Condon  faclors. 


b) 


■i - 1 - 1 - 1 - 1 - 1' 


578  500  502 

Wavelength  /  nm 

Pig.  4.  Timo-rcsolvcd  oxcllalion  spcclra  of 
SIII2.  (a)  0-50  ns  and  (b)  50-100  ns 
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ELECTRONIC  EXCITATION  AND  DISSOCIATION  OF  MATRIX  ISOLATED 
MOLECULES  RESULTING  FROM  ACCUMULATION  OF  VIBRATIONAL  ENERGY 


Henri  DUBOST 

Laboratoire  dc  Photophysique  Moldculaire  CNRS* 
Bitiment  213  -  Unlversltd  de  Parls-Sud,  91405  -  ORSAY  CEDEX 


Ccrtaines  espices  diatomiques  telles  que  CO,  NO,  O,  dispersies  en 
matrice  cryoginique  ont  une  durie  de  vie  vibrationnelle  tris  longue,  dies 
possedent  I'itonnante  propriiti  d'accuauler,  lorsqu’on  les  excite  vibra- 
tionncllemcnt  d  I'aide  d'un  laser  infrarouge,  un  grand  nombre  de  quantas 
dans  un  petit  nombre  de  sites  favorables.  Les  molicules  fortement  excitees 
vibrationnellement  peuvent  alors  ichanger  en  une  seule  itape  un  nombre  de 
quantas  suffisant  (6-10)  pour  atteindre  un  Stat  dlectronique  exciti.  Au 
cours  d'un  tel  processus,  plusieurs  dizaines  de  quantas  de  faible  dnergie 
0,2  eV)  donnent  naissance  i  une  excitation  ilectronique  d’inergie 
beaucoup  plus  grande  (7  i  8  eV).  Cette  conversion  d'inergie  vibrationnelle 
en  inergie  ilectronique  risulte  en  une  luminescence  UV~visible  ou  conduit  d 
la  dissociation  moliculaire. 


Diatomic  molecules  such  as  CO,  NO,  0,  dispersed  in  low  temperature 
matrices  have  a  very  long  vibrational  lifetime.  Nhen  they  are  vibrational ly 
excited  by  an  IN  laser,  they  amazingly  tend  to  accumulate  a  large  number  of 
quanta  in  a  small  number  of  favourable  sites.  Strongly  vibrationally  excited 
molecules  can  then  exchange  a  bunch  of  vibrational  quanta  (6-10)  in  a  single 
step  and  thus  reach  an  excited  electronic  state.  The  vibrational  energy 
corresponding  to  several  tens  of  small  quanta  ('•  0.2  eV)  is  converted  into  a 
much  more  energetic  electronic  excitation  (6-8  eV)  which  results  either  in 
electronic  luminescence  or  in  molecular  dissociation. 


* 
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Vibrational  relaxation  of  diatomic  molecules  such  as  CO,  NO,  CN,  N^,  0^ 
dispersed  in  low  temperature  rare  gas  crystals  is  extremely  slow.  In  those 
systems  the  rate  of  spatial  transfer  of  vibrational  excitation  induced  by 
long  range  forces  exceeds  the  rate  of  loss  due  to  radiative  or  radiationless 
relaxation  by  orders  of  magnitude.  In  particular  the  non  resonant  exchange 
of  vibrational  energy  among  a  collection  of  molecules  excited  into  the  v  >  1 
level  produces  molecules  in  the  v  -  2  level  according  to 

/'Bsite  llv'l)  +  AUsito  2(v*l)  ■*  AUjite  l{v-0)  +  Mis\te  2{v“2)  +  Afanh 

This  reaction  describes  the  fusion  of  two  v  -  1  excitations  into  a  v  «  2  one, 
a  process  which  is  quite  analogous  to  triplet-triplet  annihilation  in 
organic  crystals  (1)  or  to  up  conversion  among  rare  earth  ions  in  crystals 
(2).  The  energy  mismatch  AEanh  “  f"*!©  *  •'*'*1  should  be  made  up  by  the  thermal 
bath,  i.e.  the  lattice  phonons.  In  the  same  way  the  repetitive  fusion  of 
vibrational  excitations,  described  by  the  general  reaction 

A^site  l('')  +  ABsite  2(''')  ■*  ABsite  +  ABjite  2(''’+l)  +  ^iEvv’ 


AcciJwiUtion  of  vibrfttlofTot  quonto  in  motrU  isolated  molecules 
0)  the  V  «  1  cxcitotions  ore  rcsonnittly  exchanged  from  site  to  site  ixitll  they  get  troppedat  a  favourable 
site.  However  litc  oi  hP.f.*Q  quanto  which  can  t>c  stocked  is  limited  due  to  the  increase  in  AC. 

b)  the  occunulnt ion  of  vibrational  energy  cancontlnuc  owir>g  to  Ihe  exchange  of  one  or  two  quanta  hPv.*y.^ 
omorvj  localized  higli'V  excitations  at  a  large  distonce  frotn  each  other  I'*  100  A). 
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and  illustrated  In  fig.  1.  results  in  accumulation  of  energy  into  the  upper 
vibrational  levels.  Several  tens  of  quanta  can  be  stacked  on  a  single 
molecule.  Such  a  strong  excitation  corresponding  to  several  eV  of 
vibrational  energy  has  been  observed  in  matrix  isolated  CO  and  NO  (3). 

Vibrational  energy  may  also  be  converted  into  electronic  excitation. 
Uhen  the  vibrational  excitation  exceeds  that  of  the  first  electronic  excited 
states,  internal  conversion  or  intersystem  crossing  may  bring  the  molecule 
from  high  vibrational  levels  of  the  ground  electronic  state  to  nearly 
resonant  vibronic  levels.  The  efficiency  of  this  process  is  strongly 
dependent  upon  the  magnitude  of  the  Franck  Condon  f.actors  associated  with 
the  intramolecular  radiationless  process.  In  molecules  such  as  CO  or  NO  such 
a  process  does  not  occur.  However  there  is  an  other  mecanism  leading  to 
electronic  excitation.  For  high  v  levels,  the  transition  dipole  moment 
associated  with  vibrational  overtone  transition  involving  a  large  change  in 
the  vibrational  quantum  number,  i.e.  ov  -  6  to  10,  takes  an  appreciable, 
value.  This  is  due  to  the  intrinsic  anharmonicity  of  the  intramolecular 
potential  and  also  to  the  perturbation  by  the  solid  environnement.  Though 
multipolar  interactions  are  not  strong  enough  to  allow  multiquantum  V*V 
exchange  with  a  large  ov,  in  return  they  give  rise  to  intermolecular  V-E 
transfer  processes  described  by  : 

ABsite  l(v)  +  ABsite  2(v’')  -  ABsite  l{v-n)  +  ABjiie  2{v’)  +  AE 

and  illustrated  in  fig.  2.  Here  AB*  denotes  an  electronically  excited 
molecule.  In  this  case  the  weakness  of  the  overtone  transition  in  the  donor 
is  compensated  by  the  strength  of  the  electronic  transition  in  the  acceptor. 
The  excitation  of  a  bound  state  gives  rise  to  electronic  luminescence.  In  the 
most  spectacular  case  the  up  -conversion  process  transforms  the  IR  photons 
(X  »  6h)  used  for  vibrational  excitation  into  UV  light  (X  -  250  nm).  The 
excited  state  may  also  be  either  repulsive  or  predissociated.  The  accu¬ 
mulation  of  vibrational  quanta  can  then  lead  to  the  dissociation  of  the 
acceptor  molecules  provided  the  excess  energy  with  respect  to  the  gas  phase 
dissociation  limit  is  large  enough  to  overcome  the  potential  barrier 
resulting  from  the  solid  environnement. 
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Mguft  ; 

Electronic  excltetion  retulling  from  the  trenefcr  of  a  bunch  of  vibrational  quanta  between  moleculet 
which  are  both  atrongty  vibratlonally  excited.  Thia  proceai  rctulting  frcn  dipole-dipola  Interaction 
involves  an  high  overtone  vibrational  transition  In  the  donor  at  site  1  and  a  vibronic  transition  in  the 
acceptor  at  site  2. 

These  processes  will  be  discussed  on  the  basis  of  selected  experiinontal 
observations  on  CO,  NO  and  0^  molecules. 
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An  inert  solid  matrix  is  a  natural  environment  to  conduct  controlled  bimolccular 
photochemistry  by  exciting  reactants  to  low  energy  surfaces.  Reactant  nearest  neighbors  enclosed 
in  a  matrix  cage  arc  held  in  conuict  indcnnitcly,  hence  absorption  of  a  photon  occurs  while  tltc 
partners  arc  in  a  state  of  collision.  This  is  crucial  if  product  specificity  is  a  main  objective  since 
irradiation  during  a  collision  is  an  ideal  way  to  initiate  chemistry  of  molecules  dtat  arc  excited  to 
levels  below  the  dissociation  threshold  (which  requires  that  the  excitadon  is  sustained  up  to  the 
moment  of  collision).  Photochemistry  induced  by  accessing  pathways  that  lie  below  reactant 
dissociation  limits  favors  product  control  because  it  ensures  that  no  free  atoms  arc  generated  that 
may  lead  to  non-selectivc  attack  on  substrate  molecules. 

We  will  discuss  examples  of  controlled  oxygen,  halogen,  and  methylene  group  transfer 
reacdons  induced  by  selective  vibronic  excitadon  of  reactant  collisionol  pairs  in  rare  gas  matrices. 
Preparation  of  sustained  collisional  pairs  in  a  rare  gas  solid  at  cryogenic  temperature  is  a  convenient 
approach  to  explore  vibronically  induced  bimolccular  chemistry  in  detail.  Reacdon  paths  can  be 
mapped  by  trapping  uansients  and  detennining  tlicir  structure  by  FT-infrared  spectroscopy. 
Continuously  tunable  CW  dye  lasers  can  be  employed  to  monitor  the  photolysis  photon  energy 
dependence  of  reaction  quantum  efficiencies  and  thereby  learn  about  the  dynamics  of  the  reaction. 

Single  photon  excitation  of  NOa  alkene  pairs  at  wavelengths  as  long  as  600  nm  results  in  0 
atom  uansfer  to  the  CC  double  bond  ^‘3.  Photons  of  this  energy  excite  NO2  to  vibronic  levels  25 
kcal  mol'^  below  its  398  nm  dissociation  threshold.  High  product  specificity  is  manifested  by 
formation  of  epoxides  as  sole  final  oxidation  products  with  high  stereochemical  integrity  (e.g.  cis- 
2-butcnc  cis-epoxide,  trans-2-butcne  -*  trans-epoxide).  Photooxidation  of  olefins  with 
temiinal  C=C  bonds  (isobutylene,  ethylene)  give  aldehyde  as  well.  Red  light  induced  O  atom 
transfer  to  alicne  results  in  exclusive  central  atom  attack  (ollene  oxide,  cyclopropanonc),  while 
kctencs  are  the  only  oxidation  products  of  alkynes  Product  specificity  is  lost  when  tuning  the 
photolysis  photon  energy  above  the  NO2  -» 0(3p)  +  NO  dissociation  threshold. 

In  each  reaction  an  intennediate  was  trapped  concurrently  with  the  final  oxidation  product, 
namely  an  tilkyl  nitrite  radical  in  the  case  of  olefins  and  allene,  and  an  iminoxy  radical  upon  0  atom 
uansfer  to  CC  triple  bonds.  D  isotope  effects  on  branchings  between  tapped  intemtediate  and 
final  oxidation  product  revealed  that  the  two  species  share  a  common  transient  precursor. 
Stereochemical  correhition  between  alkyl  nitrite  radical  and  epoxide,  and  especially  the  fact  that  0 


0-32 


»loiii  transfer  to  CC  double  and  triple  bonds  gives  different  types  of  trapped  radicals  indicates  that 
these  iuc  transient  oxirunc  biradicnls  (in  die  case  of  alkencs)  or  kctocarbcnc  biiadicals  (in  the  ease 
of  alkynes)  that  arc  chemically  trapped  by  NO  cage  coproduct.  1  Icncc  the  primaiy  reaction  step  of 
vibronically  excited  NO2  is  large  amplitude  O  atom  transfer  to  the  iniiliiplc  bond  to  produce  a 
transient  biradical .  Competition  between  intnimolcculnr  stabilization  of  the  the  biradical  and 
combination  with  NO  dictates  the  branching  between  nnal  oxidation  product  and  trapped  radical. 
Por  example,  in  the  ease  of  cdiylcnc  +  NO2  the  observed  threshold  a  0  atom  transfer  of  574  nm 
indicates  that  CII2-CII2-O  is  produced  directly  in  the  *D(oo)  ground  electronic  state  according  to 
comptuison  with  literature  ab  initio  results.  Competition  between  combination  with  NO  and 
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1,2-11  shift  (ring  closure)  must  be  very  fast  (pscc)  as  the  reaction  is  completely  stcrcospecinc  in 
the  ease  of  cis  and  trans-CnD=CllD  +  NO2  (no  stereochemical  scrambling  by  rotation  about  the 
biradical  CC  bond). 

Since  tlic  transient  oxiranc  biradical  is  trapped  by  NO  in  its  nascent  fonn  (including 
confonnation),  determination  of  the  structure  of  the  trapped  alkyl  nitrite  rtidical  by  vibrational 
analysis  allowed  us  to  elucidate  for  tlie  first  time  detailed  regio-  and  stereochemical  paths  of  ulkenc 
oxidations.  For  example,  we  have  uapped  two  diastercomcric  cyclohcxyl  nitrite  radicals  upon 
photooxidation  of  cyclohcxenc  (a  chair  form  with  an  axial,  and  one  with  equatorial  C-0  group), 
indicating  that  reaction  proceeds  along  both  diastercomcric  paths  (arrow.s),  leading  to  a  specific 
cyclohcxenc  oxiranc  biiitdical  stereoisomer  in  each  ease,  litis  result  cannot  be  inferred  from  the 
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/  siructurc  of  the  cyclohexcnc  oxide 

/  /  +  NO  product.  Iminoxy  radical  formed 

50000  jiiukh  --  •— /~7  ^ 

7  /  ,  ?  /  \  upon  O  atom  transfer  to  dimetliyl 

..0  - /y  CMj4=d-CH/  \ 

,  !  1  acetylene  indicates  tliat  the  reaction 

'“?/  7  vw<v.v  \ 

10000  'Q.  \  proceeds  through  the  sinelct  A  (Cc2) 

/  CMjC-?-ci(,  \  \  ketocarbcnc  bimdical  state  (Figure). 

5,y  )  \  \  Branching  between  ketene  and 

0  1  ^  iminoxy  radical  is  dictated  by  the 

ciij«-CMjONo  I  comnetition  between  Wolff 

1  rcairangcincnt  of  Cl  l3CC(=0)Cn3 

-'«x»  \  and  combination  with  NO.  Using 

\  this  mctliod  of  chemical  trapping  of 

transient  ketocarbene  we  have  been 

-20000  - r(c-b“)i  ^^c«c*ocso)  ‘o  uncover  the  regiochemical  path 

*uo  of  methylacctylcne  oxidation.  Only 

iminoxy  radical  wiili  an  aldcliydic  C=0  group  is  observed,  which  implies  that  O  atom  transfer 

•  • 

occurs  exclusively  to  the  terminal  carbon  leading  to  the  most  stable  Cll3-C-C(=0)-II  biradical. 

'I'liis  selectivity  with  respect  to  the  reaction  path  is  again  not  apparent  from  the  structure 
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of  the  final  oxidation  product. 

Loss  of  product  specificity  upon  excitation  of  NO2  at  photon  energies  above  the  398  nm 
dissociation  threshold  to  0(^P)  +  NO  was  indicated  by  the  appearance  of  additional  reaction 
products,  c.g.  2-cyclohcxcn-l-ol  and  cyclohexanone  in  the  case  of  cyclohexcnc  +  N02>  kctcnc  in 
the  case  of  the  ethylene  +  NO2  rc.nction.  Some  products  (cyclohcxenol  and  kctcnc)  were  shown  to 
emerge  from  the  dissociation  •  addition  path  (dissociation  of  NO2  to  0(3P)  followed  by  thcnnal 
addition  of  0  to  alkenc).  Nevertheless,  product  growth  kinetics  shows  that  there  remains 
substantial  propensity  for  alkcnc-N02  collisional  pairs  to  react  along  the  large  amplitude  0  atom 
transfer  path  even  uiwn  excitation  above  the  NO2 dissociation  limit.  This  observation  is  closely 
rchitcd  to  recent  reports  on  photochemical  reaction  of  weak  complexes  in  cryogenic  matrices  and  in 


molecular  beams  tlial  demousU'atc  coupling  Muto  large  nmpliuidc  atom  transfer  coordinates  in  ctiscs 
of  favorable  precursor  gcomcU’ies  (Socp  Wittig  Pimentel  7). 

Interestingly,  thcnnal  reaction  of  unsauiratcd  hydrocarbon!:  in  gas  phase  or  solution  leads 
to  nilrotdkyl  radicals,  i.c.  to  C-N  bonds  fonnation  rather  than  0  atom  transfer.  This  difference 
between  matrix  and  fluid  phase  alkcne  +  NO2  chemistry  is  surprising  in  view  of  the  fact  that  NO2 
excited  by  tow  energy  visible  photons  has  predominantly  the  character  of  a  highly  vibrationally 
excited,  clecuotiic  ground  state  species,  hence  would  be  expected  to  h.ave  chemistry  sitnilar  to  that 
of  theniially  excited  N02(^At).  It  indicates  preferred  access  of  the  vibroitically  excited  collisional 
pair  to  a  large  amplitude  O  atom  trimsfer  coordinate  while  ignoring  a  lower  biuricr  uaitslational  (in 
the  solid:  van  der  Waals)  coordinate  that  would  lead  to  C-N  bond  fonnation  through  NO2  addition. 

We  have  expanded  our  work  on  vibroitically  induced  O  atom  transfer  reactions  to  Cll2 
group  transfer  reactions.  For  example,  excitation  of  CIl2=C=0'l,3-but.idicnc  pairs  at  4(X)  nm  (10 
kcal  mol*^  below  die  CH2(^Bi)  +  CO  dissociation  barrier)  led  to  methylene  group  Uansfer  to  yield 
vinylcyclopropanc  +  CO. 

Controlled  chemistry  of  collisional  pairs  in  a  matrix  is  not  limited  to  large  amplitude  atom  or 
group  transfer  reactions.  Other  examples  arc  cycloaddition  reactions  of  metastable  electronically 
excited  molecules  like  sittglet  SO*  and  singlet  02^,  and  reaction  from  non-prcdissociative  levels  of 
charge  transfer  states,  c.g.  O2  +  alkcne  'O. 
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Some  heteruaromatlc  molecules  possessing  Internal  hydrogen  bonds  undergo  an 
extremely  fast  process  that  may  be  followed  on  the  levels  of  three  diffe¬ 
rent  electronic  states:-  Sj,  Tj  and  S^.  This  Is  the  proton  transfer  (PT) 
reaction. 

A.  SC H  IFF  BASES 


B:Bipyridyl-dlois 


BP(OH)  MeBP(OH) 


0  — H 


Me  B  P  (  0  H 
2  li 


Scheme  1.,  BSP:-  N,N-bls(sallcylldcne)-p-phenylenediamlno;  SN:  N-sallcyllde- 
ne-a-naphthylamlne;  BSD:  bls-sallcylldene-l.S-dlamlnonaphthalene;  BP(0I1)2: 
2,2’-(blpyrldyl)-3,3'-dlol;  MeBPlOII)^:  5-  mothyl-2, 2’ - (blpyrldyl )-3, 3* -dl- 
ol;  Me^BPCOIl)^:  5, 5’ -dlnoLhyl-2,2' -(blpyrldyl )-3, 3’ -dlol . 
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Two  families  of  molecules  will  Illustrate  some  problems  connected  with  pho- 
totautomerlzatlon  In  Sj  state.-  These  are  Schlff  bases  and  blpyrldyl-dlols 
shown  In  Scheme  1,.  The  choice  of  compounds  Is  not  fortultlous;  thus  SN  Is 
"une  half"  of  BSD  molecule,  and  MeDP(OH)2represents  a  possibly  delicate 
perturbation  of  the  symmetry  of  the  BPlOH)^  structure.  The  typical  spectral 
symptom  of  fast  reaction  occurlng  In  excited  state  Is  shown  In  Flg.l  on  the 
example  of  two  structurally  related  Schlff  bases:  absorption  and  strongly 
Stokes  shifted  fluorescence  spectrd  are  here  the  manifestation  of  the  PT 
reaction  In  S^  state.  Two  groups  of  molecules,  A  and  B,  although  sharing 
the  common  feature  -  phototautomerlsm  -  are  very  different:,  molecules  B  are 
firmly  kept  planar  by  two  strong  Internal  hydrogen  bonds,  while  structures 
A  contain  freely  rotating  groups,  shown  by  arrows  In  Scheme  1.  Molecules  B 

reveal  a  strong  phototautomerlc  fluorescence  (typical  t)_  »  0.3  at  room 

(1 ) 

temp.),  and  even  lasing  abilities  .  In  contrast,  structures  A  are  mostly 
controlled  by  the  radiationless  transitions  (T)p.  s  10  ^  -  10  ^).  For  both 
groups  of  molecules  the  phototautomerlc  fluorescence  Is  red  shifted  by 
10000  cm  '  and  no  normal  emission  Is  observed. 


’■4 


Flg.l  Boom  temp.,  absorption  and  fluorescence  spectra  of  two  Schlff  bases; 
solvent:  butyroiil Irllo 
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The  main  question  to  bo  discussed  is  as  follows:  the  driving  force  for  PT 
reaction  created  in  excited  state  may  be  used  by  a  molecule  Just  as  shown 
in  Scheme  2  on  the  example  of  DP(Oll)2:  would  a  molecule  undergo  the  single 
Scheme  2, 


PT  (SPT),  forming  a  true  keto-group,  or  would  It  preserve  the  symmetry  un¬ 
dergoing  the  double  PT  (DPT),  but  adopting  the  structure  represented  In 
Scheme  2  by  a  doubly  zwitterlonlc  species?  As  a  method  of  distinguishing 
between  a  monoketo  (MK)  and  a  dlketo  (DK)  phototautomers,  the  dipole  moment 
determination  of  excited  molecule  was  applied,  compared  with  the  results 
of  calculations.  Calculations  were  performed  with  molecular  mechanics  me¬ 
thod  (ground  state  of  BSP)  and  INDO/S  method.  For  .experimental  determina¬ 
tion  of  the  excited  state  dipole  moments,  a  solvatochromic  method  was  ap¬ 
plied.  However,  no  shift,  either  of  absorption  or  of  fluorescence  bands, 
was  detected  in  ail  studied  molecules.  The  expected  zero  or  small  dipole 
moments  of  fluorescent  species  were  verified  for  molecules  B  by  the  ele- 
ctrooptical  lEOEM  method'  .  All  data  are  collected  In  Table  1.  It  Is 
easily  seen  that  the  direct  determination  of  the  dipole  moment  of  the  flu¬ 
orescent  species  nicely  confirms  the  DPT  mechanism  In  excited  blpyridyl- 
dlols..  The  values  p*o0  and  0.46  D  for  the  excited  symmetric  parent  molecule 
(BPlOH)^)  and  Its  monomethyiated  derivative  leave  no  doubt  that  monoketo- 
tautomers  are  not  responsible  for  fluorescence  emission.  Their  dipole  mome¬ 
nts  were  predicted  to  exceed  4  D.  This  Is  one  of  very  few  well  documented 
examples  of  Intramolecular  double  PT  In  excited  state.  In  contrast,  for 
molecules  A  a  dipole  moment  determination  of  tlie  excited  tautomer  Is  not  a 
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good  way  of  decoding  the  reaction  mechanism. 

Even  the  symmetric  (bSP)  molecule  has  a  quite  large  dipole  moment, 
calculated  with  allowance  of  the  free  rotation  around  the  single  bond,  and 
nicely  reproduced  by  experimental  determination  In  the  G  state.  Moreover, 
the  differences  between  mono-  and  dlketotautomers  are  predicted  to  be 
rather  small.  So,  for  molecules  A  a  comparison  of  symmetric  structures  with 
Table  1~  Calculated  and  experimental  values  of  dipole  moments  of  the 
molecules  studied  In  the  ground  (G)  and  fluorescent  (F)  states;  DE,  MK  and 
DK  stand  for  a  dlenol,  monoketo-  and  diketotautomer,  resp. 


molecule 

el.  state 

tautomer 

dipole  moment  (D1 

calc. 

exp. 

BSP 

G 

DE 

3.0 

2. 8+0.5 

G 

MK 

1.7 

- 

F 

DE 

5.1 

- 

F 

MK 

7.3 

- 

F 

DK 

6.2 

-* 

BP(0II)2 

G 

DE 

- 

F 

MK 

- 

F 

DK 

0.0+0. 2 

MeBP(0II)2 

G 

DE 

MEM 

0.54+0.01 

F 

MK 

- 

F 

DK 

0.46±0.03 

model  compounds  will  be  discussed,  as  an  alternative  method  of  studying  the 
PT  reaction  In  excited  state. 

The  singlet  vs  triplet  state  reactivity  of  proton  transferring  molecules  B 
will  also  be  discussed. 

(1)  J.Goplol,  II.Bulskn,  A.Orabowska,  Chcm.Phys.Lctt. ,  110(1987)607 

(2)  W. Baumann,  II.Blshof,  J.Molec. Structure,  81(1982)181;  Ibid.,  129(1985)125 

The  author  thanks  to  Prof  W.Llptay  and  Dr  R.Wortmann  (Mainz),  and  to  Mr. 
P.Borowlcz  and  K.Kownackl  (Warsaw)  for  permission  to  Include  some  results 
of  the  common  works;  to  Prof.  Y.Maruyama  and  Dr  T. Inabe  (Okazaki)  for  kind 
gift  of  the  samples  of  Schlff  bases.. 


0-39 


FROM  POLYEMALS  TO  RETINAL: 

AN  ELECTRON-SPIN-ECIIO  STUDY  OF  THEIR  TRIPLET  STATE. 


E.J.J.  Crocnen  and  M.  Ros 

Center  for  the  study  of  excited  states  of  molecules 
Huygens  Laboratory,  University  of  Leiden,  P.O  Box  9504,  2300  RA  Leiden, 

The  Netherlands 


Electron-spin-echo  spectroscopy  is  found  to  bo  a  powerful  Cool  in  tlie 
study  of  the  electronic  structure  of  the  non- radiative ,  short-lived, 
lowest  triplet  state  of  polycnals.  This  state  is  of  an*  character.  We  will 
focus  on  all-Crans-retinnl  and  relate  Che  zero-flold  splittings,  relative 
populating  rates  and  decay  races  of  the  spin  sublevels  for  this  molecule 
to  the  corresponding  data  for  modol  compounds.- 

Molecules  whose  chromophore  is  based  on  a  linear  conjugated  carbon 
chain  continue  to  attract  attention  of  spectroscopiscs  because  of  their 
role  in  many  photochemical  and  phocobiological  processes.  In  order  Co  gain 
insight  into  photoisomerizacion,  energy  transfer  and  pliocoproteccion  in 
biological  systems  and  photoconductivity  in  conjugated  polymers,  one 
should  have  a  detailed  knowledge  of  the  change  in  the  electronic  structure 
of  such  molecules  upon  excitation.  We  have  studied  all-crans  polyenals, 
molecules  Chat  consist  of  a  chain  of  alternately  single  and  double  carbon- 
carbon  bonds  ending  in  an  aldehyde  group.;  From  its  composition  one  would 
Judge  this  chromophore  to  be  a  relatively  simple  one  but  its 
characterization  still  presents  a  challenge  to  spectroscopiscs.  TlUs  is 
particularly  true  for  the  triplet  state,  as  its  non-radiative  character 
hampers  the  use  of  optical  techniques. 

It  will  be  shown  that  a  time-resolved  eleccron-paramagnecic-resonance 
(EPR)  study  of  tl\e  short-lived  lowest  triplet  state  Tq  of  all-trans 
polyenals  is  feasible  by  the  use  of  elecCron-spin-echo  (ESE)  spectroscopy 
in  combination  with  pulsed  laser  excitation.  We  report  results  for  all- 
crans  -  re  clnal  and  Che  model  compounds  all - crans - 2 , 4 , 6 , 8 , 10 - 
dodecapentaenal  (DP),  all-trans-2,4,6,8-  decaCecraenal  (DT) ,  and  their 

mechylsubscicuced  analogues  MDP  and  MDT  (fig.  1)  .  We  include  not  only  DP 
and  MDP  but  also  DT  and  MDT  because  sceric  hindrance  between  the 
substituted  cyclohexene  ring  and  the  polyenal  chain  may  well  lead  to  a 
non-planar  skewed  Cg-Cy  conformation  of  retinal  in  the  triplet  state. 

The  polyenals  were  dissolved  in  polyethylene  films  that  were 
stretched  by  approximately  500%.  All  compounds  wore  optically  excited  at 
355  nm  by  the  third  harmonic  of  a  Nd:YAG  laser  (5mJ/pulse} ..  The  ESE 
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experlnencs  wore  performed  ac  1.2  iC  by  applying  a  cwo-pulse  echo  sequence 
after  die  laser  flash.  For  the  experinents  in  a  magnetic  field  microwaves 
of  a  fixed  frequency  of  9. 35  GHz  were  used,  for  Chose  in  zero-field  the 
microwave  frequency  could  be  varied  between  1  and  4  GHz. 


Retinal 


mognetic  field  (T) 


Fig  1.  Holiicular  structures  of  che  polyenals .. 

Fig  2  ESE-deCecced  EPK  spectra  of  three  polyenals  in  stretched 
polyethylene  films  for  Bq  l  s. 


Upon  excitation  Into  che  singlet  manifold  ESE  signals  have  been 
observed  for  all  polyenals  listed  in  fig.  I  and  triplet  EPR  spectra  have 
been  detected  by  monitoring  Che  echo  intensity  ac  a  fixed  time  after  che 
laser  flasli  while  sweeping  che  magnetic  field  by.  The  spectra  only  depend 
on  the  oriencaciun  of  by  with  respect  to  the  stretch  direction  s  of  die 
film;  che  samples  liave  cyliidrical  symmetry.  In  fig.  2  some  ESE-dctccted 
EPR  spectra  are  displayed  as  observed  for  Z(by,  s)  -  90“ .  The  spectra  show 
emission  and  absorption  of  microwaves  over  a  wide  range  of  magnetic-field 
strengths  and  consist  of  sharp  features  and  broad  shoulders.  For  this 
orientation  of  By  with  respect  to  s,  che  magnetic  field  is  parallel  to  one 
of  the  principal  axes  of  che  finc-scruccurc  censor  of  Ty  (the  one 
indicated  by  x  in  fig,  3)  for  a  perfectly  aligned  molecule.  Two  more  of 
such  canonical  orientations  of  by  have  been  found  for  each  polyenal  and 


for  all  speccra  the  signals  at  low  field  are  In  emission  wliilo  the  signals 
at  high  field  are  in  absorption.  Qualitative  considerations  and  numerical 
siinulations  based  on  a  Caussian  orientation  distribution  of  the  molecules 
in  the  film  around  s  prove  that  the  ESE-detected  EPR  speccra  indeed 
derive  from  the  triplet  state  of  Che  polyenals. 

Table  1  Frequencies  of  the  observed  zero-field  transitions,  the  relative  jiopulating  rates 
of  the  T,  sublevel  and  the  decay  rates  of  all  three  sublevels  ofTt. 


(Z-X)/h 

(MHz) 

(Z-Y)/h 

(MHz) 

Px 

kx 

(tns-‘) 

ky 

(ms-‘) 

RSHi 

relinal 

2370  ±  15 

1990  ±  40 

0.88  ±  0.04 

14.0  ±  2.5 

85  ±4 

MDP 

2360  ±  10 

1995  ±  10 

0.85  ±  0.04 

12.0  ±  1.5 

95  ±7 

DP 

2496  ±  3 

2125  ±  3 

0.91  ±  0.02 

4.6  ±  0.5 

25  ±4 

73  ±5 

MDT 

2370  ±  15 

2460  ±  10 

0.94  ±  0.02 

6.5  ±  1.5 

34  ±  7 

55  ±2 

DT 

3041  ±  4 

2620  ±  3 

0.93  ±  0.01 

1.9  ±  0.2 

3±  1 

36  ±3 

From  such  experiments  in  a  magnetic  field  estimates  of  the  zero* field 

splittings  have  bean  obtained.  Subsequently  wo  have  observed  Che  and 

Tj-Ty  (cf.  fig.  3)  transitions  in  zero'field.-  The  corresponding 

frequencies  are  summarized  in  cable  I.  The  sublevel  ordering,  givan  in 

fig.  3,  is  found  to  be  Che  same  for  all  polyenals.  The  triplet  state  is  a 

^nir*  state.  Previously  we  concluded  that  the  zero-field  splitting  of 

unsubstituted  polyenals,  including  DP  and  DT,  is  determined  by  Che  length 

of  Che  conjugated  chain  [1].,  The  zero-field  parameter  X  turned  out  to  be 

inversely  proportional  to  (n+1),  n  being  Che  number  of  carbon-carbon 

double  bonds..  As  table  1  shows,  substitution  only  slightly  changes  the 

frequencies  of  the  zero-field  transitions.  The  values  for  retinal  and  tiDP 

are  even  nearly  identical.  The  double  bond  of  retinal  chat  is  part  of  the 

cyclohexene  ring  apparently  fully  participates  in  the  triplet  excitation 

which  suggests  that  the  chromophoric  part  of  retinal  is  more  or  less 

planar  in  the  triplet  state.  If  retinal  in  polyethylene  has  a  skewed  6-s- 

0  0 

cis  conformation  with  a  dihedral  angle  of  50  or  60  in  the  ground  state, 
this  would  mean  that  Che  molecule  undergoes  a  profound  structural  change 
upon  triplet  excitation. 

The  dynamics  of  Tq  has  been  investigated  both  in  a  magnetic  field  and 
in  zero  field  by  monitoring  the  echo  intensity  as  a  function  of  c^,  the 
time  between  Che  laser  flash  and  the  first  microwave  pulse.  A  typical 
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l•l;M■|OSl:CONU  SI'LCIROSCOPY  OI-SOLU  IION  I’llASI-, 
ISOMKKIZA  I  ION  Kt  AC  I  IONS 

Robin  M.  Iluclisliiisscr.  Rusuaniic  J.'Scnsiun,  Stcplicn  T.  Rcpiiicc  ninl  Aipail  ii.  S^aiba. 
Ouiiiu lincni  of  Clicinisiiy,  Univcisily  of  I’eniisylvania,  Pliiladoipbia,  I’A  I9IU>I. 


'i'inic-icsolvcil  spcclruscupic  studies  of  the  pliuluisunicri/.alion  of'  ciA-slilbene  liavu 
yielded  a  large  aniuiiiil  of  ini'urmalioii  on  these  simple  leactiuns  in  sululiun/*'^)  'I'hc 
isuincrizatiun  of  clcctiunically  excited  CM-stilbene  (cis*)  oceuts  in  U.S  to  2  p$  even  in 
relatively  high  rrictiun  solution-phase  enviruuments.^^*^)  'these  results  have  been  inter¬ 
preted  in  terms  of  either  unrestricted  motion  on  a  batricricss  potential  surface  or  inutiun 
over  a  very  small  barrier  (  1.2  kcni/molc).t^>^)  The  initially  created  cis*  population  is 
partitioned  between  two  primary  reaction  pathways,  one  involving  geometric  rearrangement 
leailing  to  /imir-slilbene  iiiuductiun  aitd  the  second  involving  electronic  reaiinngement 
leading  to  diliydroplicnantliicnc  (Dill’)  production.  This  is  shown  schematically  in  l-ig.  1.; 


I'igurc  I.  A  schematic  diagram  of  the 
electronic  states  surfaces  ics|H>nsible  fur 
the  photoisumcriiatiun  reactions  of  a.\- 
stilbcnc.  Appiosimate  (iiiantum  yields 
for  the  variuu.s  reactions  ate  indicated 
on  the  figure.^*'* 


I  he  fast  phot(iis(imeii/.atiun  reactions  uf  ci.r-stilbene  provide  art  e.icelletrt  opportunity 
to  petlorttt  detailerl  stitdies  of  the  initially  formed  i.someri'Aalion  p-'iducis.  Itt  rortm  temper¬ 
ature  alkane  solvertis  the  phuluisomeri'/aitiuii  products  of  ciA-slilbene  are  produced  within  I 
to  2  ps  of  cxcilaltoii.  As  litis  litttc  scale  is  much  I'.islcr  iltatt  rolatiorral  diffusion  limes  in 
these  solvents  (typically  10  to  100  ps  for  (t(rri.\-stilbcnc),(*^^  the  intramuleeirlar  rearrange- 
nrenls  will  occur  wittic  the  molecule  is  essentially  fixed  in  space.  In  this  siiuaiimr  the 
average  relative  alignrnenls  of  the  reactant  and  product  molecules  can  be  measured  with 
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poliirizcil  light  pulses.  In  ndtliiion,  the  lime  scale  for  pliutoisomcrizniion  is  comparable  to  or 
faster  than  the  lime  scales  required  for  intramolecular  vibrational  rcdislribiiiiun  and  faster 
than  the  ca  10 's  of  ps  time  scales  required  for  the  transfer  of  internal  vibrational  energy 
from  aromatic  molecules  to  the  surrounding  solvcnt.^*^'*^)  As  a  result  it  is  compelling  to 
assume  that  the  product  molecules  arc  formed  vibraiionally  hot  and  very  likely  possess  a 
non-llolizmann  distribution  of  excess  vibrational  energy  at  early  times.  Thus,  it  is  possible 
in  this  system  to  begin  to  pose  and  answer  several  questions  which  have  not  been  addres¬ 
sable  in  previous  studies  of  solution-phase  photochemical  reactions. 

One  of  the  more  interesting  questions  is  that  of  energy  disposal  during  a  photochemical 
reaction.  The  photoisomerization  of  m-slilbene  following  excitation  by  a  312  nm  pulse 
results  in  the  formation  of  rro/is-stilbene  and  Dill*  with  excess  energies  of  336SO  cm'*  and 
20000  cm'*  respectively.  The  excess  energy  available  in  these  reactions  will  initially  be 
partitioned  between  internal  and  external  degrees  of  freedom.  Some  of  the  energy  will  be 
dtimpi.  I  directly  into  the  solvent  during  the  photoisomcrization  process  ns  a  result  of  the 
solvent  rearrangements  necessary  to  accommodate  the  change  in  the  size  and  shape  of  the 
pholoproduct.  This  represents  the  external  friction  on  the  reaction  coordinate.  The  re¬ 
mainder  of  the  energy  is  retained  ns  vibrational  excitation  of  the  resulting  product  mole¬ 
cules.  In  a  polyatomic  molecule  having  a  sufficiently  large  number  of  modes,  the  internal 
excitation  resulting  from  relaxation  might  be  expected  to  gcncinie  a  distribution  of  vibra- 
tionally  excited  product  molecules  characterized  by  a  single  lemperalure.  In  this  limit  the 
energy  dissipation  to  internal  modes  may  be  referred  to  ns  the  internal  friction  on  the  reac¬ 
tion  coordinate.  'I  he  energy  retained  ns  vibrational  excitation  of  the  product  molecule  will 
be  transferred  to  the  surrounding  solvent  and  thus  dissipated  on  a  time  scale  of  lO's  of  |)s. 

I•(.llr  type*,  of  experiments  have  been  performed  to  investigate  the  initially  ftrrmeil 
isortteri'/aliott  products  of  (rr-stilbcnc;  (I)  I’utnp/probc  rneasurerttents  in  the  regions  of  the 
Dili’  and  trans  prodirct  absorptions  have  been  performed  to  accurately  deterrrrinc  the  rates  of 
appearattcc  and  cooling  of  the  isonreri/ation  products.  (2)  Anisotropy  measurentents  in  the 

o.rs 

o.r<  >,  l-igrtre  2.  'I’ratrsieitt  absorption  and 

a 

S  arrisoiropy  obtaiited  using  a  330  rtm 

0  os  o 

t  l>robe  ittrlse  following  the  excitation  of 

cis-stilbenc  in  hcxadecane  by  a  312  mtt 
-o-rs  pump  pulse. 

Dolny  Timo  (pa) 
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rctiiuiis  uf  llic  prodiicl  absorpliutis  have  been  perrormed  (o  delerniinc  (he  relative  alignments 
ol'  the  pumped  (reactant)  and  probed  (product)  transition  dipoles.  kinetics  and 

anisotropy  measurements  arc  shown  in  Fig.  2.  (3)  Fluorescence-detected  measurements  of 
the  appearance  of  the  trans  product  have  been  performed  to  study  the  irans  product 
independently  of  the  presence  of  Dili*.  Typical  results  arc  shown  in  Fig.  3.  In  these 
experiments  the  initial  (pump)  pulse  produced  cis*  which  isomerized  to  form  trans.  The 
probe  pulse  excited  the  trans  product  molecules  and  the  resulting  trans*  fluorescence  was 
detected.  As  neither  Dili’  or  cis  fluoresce  near  350  nm  (he  signals  obtained  ate  due  cntiicly 
to  trans  product  molecules.  (4)  The  UV  transient  absorption  spectra  at  6  ps,  IS  ps  and  50 
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Figure  3.  Trans  fluorescence  rise  curves 
obtained  from  a  sample  of  cis-stilbene 
pumped  at  312  nm  and  nrobed  at  312  nm. 
The  fluorescence  was  detected  by  a  photo¬ 
multiplier  tube  through  a  12  nm  interference 
filter  centered  at  350  nm  near  the  peak  of 
the  trans  fluorescence.  The  designations 
ZZ,  ZX  and  XZ  indicate  the  relative 
polarizations  of  the  pump  and  probe  beams. 


ps  have  been  obtained  between  315  nm  and  375  nm  on  the  red  edge  of  the  trans  absorption 
band  using  multichannel  detection.  The  50  ps  speed  um  is  identical  to  (he  |>urc  trans 
spectrum  indicating  that  hims-stiibcnc  is  indeed  responsible  fur  must  of  the  product 
absorption  observed  in  this  region  of  the  spectrum.  The  spectrum  obtained  at  6  ps  indicates 
a  great  deal  of  vibrational  excitation  in  the  Franck-Cundon  active  modes. 

These  ultrafast  studies  of  (he  inithways  of  isomerization  begin  to  expose  (he  chemical 
dynamics  of  such  proce.sses.  The  solvent  influences  on  motion  confined  to  barrierletis 
potentials  and  on  nunadiabatic  transitions  become  crucial  intermediate  steps  in  these 
chemical  transformations.  Thus  an  important  part  of  understanding  the  primary  process  of 
photochemical  reactions  of  this  sort  is  the  tiuantum  statistical  mechanical  description  of  (he 
solvent  action  and  reaction  to  these  intramolecular  forces. 
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Fleure  4,  The  trnnsient  absorption 
spectrum  obtained  Tollowing  the  excita¬ 
tion  of  c/s-siilbene  at  312  nm  for  delay 
times  or  6  t  I  ps,  IS  t  I  ps  and  SO  i  I 
ps. 
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.SOMli  SOLVI'N  l'  lil4-liCT.S  IN  liXCIl’I.UXliS  AND  TICl'  MOUiCULliS 


David  I’liillips. 

Dcpailiiiciil  of  CliciniMry,  linpciiul  College,  Loiulon  .SVV7  2AZ,  UK.. 

Cunl'orinational  changes  wiiliiii  suliilc  inuleeutcs  and  dielceiiie  icla.'ialion  of  the  solvent 
both  effect  the  rate  of  election  transfer  procc.sscs.  As  an  example  of  the  foimcr,  the  well- 
known  amolous  chargc-tiansfcr  fluoiescencc  from  dimethylamino  benzoniti  ile  DMAUN  occurs 
via  a  tsvisting  of  the  amino  moiety  which  facilitates  intramolecular  charge-tiansfer,  followed  by 
stabilization  by  polar  solvents.l*^  The  effects  ofconfuimational  change  and  solvent  relaxation 
ate  difficult  to  distinguish,  but  we  picsent  have  tltiec  appioaches  which  can  iirovide  evidence 
concerning  the  relative  importance  of  tnesc  two  effects 

(i)  Studies  of  cxci])lcxcs  in  non-{>uliu'  solvents 

(ii)  Time-rcsolvcd  Rtiman  siicctroscopy  on  cxciplex  .systems 

(iii)  Study  of  spec! neatly  .solvated  complexes  in  supersonic  jet  expansions 

(i)  i^gp.ic^t;a.iu  ima-ii.oiitr  sotoiits 

We  have  tepotlcda  study  of  viscosity  and  tcmiieiatuic  effects  on  the  latc  of  buck-election 
transfer  (BUT)  on  an  cxciplex  between  9,10  dicyanoanthracenc  and  N,N’-dimethylanilinc, 
which  has  stiong  chiugc-tran.sfer  cluuactcr,  in  six  non-|)olar  solvents. 1^1  Since  viscosity  effects 
cannot  in  this  case  be  attributed  to  dielectric  tclaxation,  confoimational  changes  tiuist  be 
involved.  The  extent  of  chargc-tiansfcr  was  estimated  by  solvatocluomic  and  thermochromic 
shifts  of  the  fluorescence.  Data  wcic  fitted  to  the  simple  scheme  I 

(A"D^),*  ^  (A'D^),*,  A-t-D 

where  (A"  D^)i*  is  the  cxciiilex  fomicd  initially  by  forwaid  electron  tiansfer,  and  (A~  O'*))*!  that 
following  conloimationai  change. 

This  simple  model  icasonably  fits  the  results  in  the  two  extreme  cases  of  kj,j.  »  kyg  p, 
when  kyijj.  =«  kjj[:.|.,  typified  by  all  results  in  hexane,  and  other  solvents  at  high  tempciaturcs, 
and  kj.j.  «  k|,j;-pi  "'hen  k„gj  •  k^^,  typified  by  the  moic  viscous  .solvents  decalin  and 
butylbenzene  at  low  temperatures.  However,  a  better  fit  is  obtained  if  the  Marcus-llush 
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niodcl/^/,  equation  2,  is  modified  by  inclusion  of  a  time  and  solvent  dependent  electron 
coupling  constant  V,  whose  value  varies  as  the  confomtation  changes. 


kpr  = 


hiAnXj^T)''- 

f  (AGEr+Xa  +  vhi>)^\ 

^  -j. 


(2) 


With  this  modification,  the  sciniclassical  equation  of  non-adiabatic  ET  can  fit  the  observed  data 
independently  of  the  solvent  viscosity.  Indeed,  the  BET  is  in  all  cases  studied  a  non-adiabatic 
process  as  its  rate  constant  always  depends  on  V^,  but  in  viscous  solvents  the  value  of  V  at  die 
time  of  ET  depends  strongly  cn  viscosity.  For  this  reason,  we  can  speak  of  a  transition  from  a 
"solvent-indejicndcnt"  to  a  ".sr  ivent-controllcd"  non-adiabatic  legimc  as  viscosity  is  increased. 
These  results  show  that  conformational'changes  within  the  solute  molecules  can  lead  to  very 
similar  effects  to  tliose  of  dielectric  relaxation. 

(ii)  litqt-rciiqiycd  Ramon  ?ii£ifftscfln>mn.s3igiiilg-x.?y§ic»)s 

Back  electron  transfer  in  the  exciplex  formed  between  anthraquininc  AQ  and  TMB  in 
acetonitrile,  tetrachloroethylcie  and  carbon  tetrachloride  has  been  studied  using  nanosecond 
time-resolved  resonance  Rairan  spectroscopy*^',  in  the  hope  that  observation  of  changes  in 
vibrational  frequences  in  trar.ticnts  might  permit  structures  of  intermediates  to  be  assigned 
tentatively.. 

Very  preliminary  results,  typified  by  Figure  1,  show  that  in  ncctonitrile,tlicrc  are  three 
prominent  transient  peaks  a'  1.519  cm"’,  1607  cm’’  and  1618  cm'*;  that  at  1618  cm’’ 
disappears  at  a  faster  rate  than  tlie  others.  In  carbon  tetrachloride,  a  peak  at  1592  cm'*  is  tlie 
only  feature  ob.servcd,  while  in  ictrachlorocibanc.  at  times  less  than  10ns,  a  peak  at  1608  cm"’ 
is  observed,  which  decays  to  fnin  a  transient  with  .signal  at  1590  cm'*,  a  feature  at  1518  ciiv’ 
remaining  constant.  At  times  ouger  than  50ns,  the  spcciia  in  letracliloroethanc  are  identical  to 
those  in  carbon  tetrachloride. 

The  results  suggest  that  and  TMIV*  produced  upon  excitation  as  .'thown  in  the 
equation  3,  undergo  geminate  i  .combination  cither  via  the  iriplct  state  or  directly  via  the  sitiglet 
state  of  the  ion  pair.  In  carbi  ^  ictrachloridc,  the  initially  produced  triplet  ion  pair  proceeds 
exclusively  to  the  singlet  slate;  'ii  ncelonitiilc  the  favouicd  pathway  is  in  .sc|)araiion,  followed 
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Ei&U[g..l  Tinic-rcsolvcd  Rainnn  spccira  of  amliraquininc-tctr5mclhylbciue)ic  in  aceironiirilc. 
Pump  wavelength  351nm,  probe  460iira.  Delays  a,  0ns,  b  7.7ns,  c  35ns,  tl  100  ns.  Spectra 
not  standardised. 


by  geminate  recombination.  In  tcuacldorocilianc,  boll)  pailiways  occur.  These  data  will  be 
presented  in  fuller  fonn. 

TMI3  ,  r  separation  - 

AQ  +  hv  — ‘aQ  — >■-  ’AQ  — ^  \AQ  ....  TMO’-^  - AQ  +  IMB"- 

. , 

/ 

/ 

gcinu)aic 
rccombiOtiUon 

TMB-'")  / 

(tit)  ElhOfc.'iccncc  from  ici  cc«dccl  complexes 

The  solvent  is  known  to  play  a  veiy  sigirincant  role  i))  the  stabilization  of  charge-transfer 
state  arising  from  uttramolccular  motion,  giving  so-called  TICT  (twisted  htiramolecular  cltargc- 
(ransfer)  states,  typified  by  ditiiethyl  amino  bcnzonitrilc,  DMABN,  which  in  polar  solvents  is 
well-known  to  give  rise  to  anomalous  red-shifted  fluorescence  from  the  TICT  state.  Attempts 
have  been  made  to  observe  PICT  emission  from  ipccificallv  solvated  complexes  under 
supersonic  expansion  conditions,  and  Figure  2  shows  that  red-shifted  emission  can  indeed  be 


0-50 


seen.I^^  However,  the  dependence  of  the  intensities  of  the  bands  upon  concentration  of 
DMABN,  and  the  fact  that  non-polar  solvents  also  give  rise  to  red-shifted  emission,  shows 
clearly  that  the  'anomalous'  emission  in  these  cases  is  due  to  dimers  and  possibly  higher 
complexes  of  the  DMABN.  No  emission  uncqivocably  assignable  to  TICT  emission  from 
DMABN  has  been  observed  under  jet  conditions,  and  lienee  care  is  needed  in  the  interpretadon 
of  anomalous  fluorescence  from  these  molecules. 


Wovelength  /  nm 

Pi  pure  2  Fluorescence  spectra  from  DMABN/methnnol  mixtures  excited  in  supersonic 
expansion.  Temperature  refers  to  over  temperature  before  expansion,  thus  higher  temperatures 
means  higher  concentration  cf  DMABN.  Emission  is  due  to  solvated  monomeric  DMABN, 
solvated  dimers  of  DMABN.  No  evidence  for  TICT  emission  is  seen. 
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THIONES  AS  MODELS  FOR  STUDIES  OF  THE  PHOTOCHEMISTRY  AND 
PHOTOPHYSICS  OF  POLYATOMIC  MOLECULES  IN  SOLUTION 
K.J.  Falk,  M.  Ludwlczak,  A.  Maclojowskit,  R.P.  Staor. 

S.E.  Svelnson  and  M.  Szymanskit 
Dcparlmont  ol  ChomIsUy,  University  ol  Saskatchewan, 

Saskatoon,  Saskatchewan,  Canada  S7N  OWO 
t  A.  Micklewicz  University,  Poznan,  Poland 

Molecules  containing  the  Ihiocarbonyl  group  possess  excited  electronic  slates 
which  are  substantially  shifted  to  lower  energies  compared  with  their  carbonyl 
counterparts.  Thus,  even  in  relatively  small,  unconjugated  Ihiones  transitions  to  the 
S],  *(n,r(‘)  states  appear  in  the  visible,  those  to  Sz,  Uxix*)  states  appear  In  the 
near  uv-blue,  and  the  lowest  Rydberg  states  are  accessed  In  the  quartz  ultraviolet 
(Figure  1).  In  addition,  strong  spln-orbll  coupling  in  the  S-conlalning  species 
enables  the  triplet  states  to  acquire  sufficient  Intensity  to  be  readily  observable  by 
standard  absorption  methods.  In  weakly-interacting  media  T^  is  frequently  ol 
3{n,n*)  character  and  lies  only  a  few  hundred  cm'^  below  Si,  whereas  Tz  of 
character  lies  only  slightly  higher  In  energy.  Ti  and  Tz  may  Invert  In 
strongly-interacting  solvents.  This  disposillon  ol  electronic  energies  in  the  Ihiones 
permits  highly  selective,  direct  excitation  to  Ti,  Si,  Sz  and  higher  stales  not  only  in 
the  gas  phase  and  In  low  temperature  matrices  but  also  In  fluid  solutions  at  room 
tcmporalure. 

Equally  Important  to  an  examination  ol  their  pholochemisiry  and 
pholophysics  is  the  observation  that  thiones  exhibit  readily  measurable  emission 
from  several  states.  Intense  Sz-+So  fluorescence  is  frequently  observed  from 
photoslable  aromatic  thiones  in  porlluoroalkane  solvents  because  this  radiative 
transition  is  electric-dipole  allowed,  and  the  Sz  radiationless  decay  rale  Is  slow 
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owing  to  the  large  Sa-S^  energy  gap.  (Weakty-Interacting  porduoroalkane  solvents 
are  used  to  suppress  Intermolecular  physical  and  cliemical  interactions  which  could 
otherwise  mask  their  "intramolecular’  relaxation  processes.)  Very  largo  quantum 
yields  of  phospliorescence  are  also  measured  in  fluid  solutions  of  thionos  which  are 
sufficiently  dilute  to  suppress  diffusion-limited  self-quenching  of  Tt-  In  addition, 
thermally  activated  delayed  fluorescence  in  some  aromatic  thipnes  and  very  weak 
prompt  Si  fluorescence  in  some  smaller  aliphatic  thiones  can  also  be  observed.  Both 
steady  state  emission  quantum  yield  and  dynamic  emission  lifetime  measurements 
(ps  for  S2  and  S],  ps  for  Ti)  can  therefore  be  employed  to  obtain  information  about 
the  mechanisms  and  rales  of  excited  slate  relaxation  in  these  systems. 

By  determining  in  perfluoroalkane  solvents  the  rale  constants  lor  radiative, 
non-radiative,  intramolecular  photochemical  and  intermolecular  quenching 
processes  of  thiones  having  a  variety  of  structures,  we  have  been  able  to  come  to  the 
following  conclusions. 

(I)  For  the  pholoslable  aromatic  thiones  the  majority  of  S2  stales  decay  by 
radiationless  relaxation  to  Si  in  accordanca  with  the  energy  gap  law  (d.  Figure  2). 

In  thiones  possessing  H  atoms  "P"  to  the  Ihiocarbonyl  group,  a  minority  of  molecules 
may  also  decay  by  a  mechanism  which  bypasses  Si  and  Ti  and  which  likely  involves  a 
reversible  photochemical  patli. 

(ii)  Adamantanothione  has  been  described  as  a  model  ihione  lor  photochemical 
studies  of  the  S2,  '(k.x*)  stale.  However,  we  have  shown  that  the  S2  stales  of  this 
and  similar  alicyclic  thiones  are  too  short-lived  (<  1  ps)  to  account  lor  the 
intermolecular  photochemical  processes  which  are  initialed  when  the  molecule  Is 
excited  to  S2.  Alternatives,  including  short-lived  singlet  biradicals  or  "dark”, 
doubly-excited  stales  must  be  considered.  Evidence  supporting  the  involvement  of 
dark,  doubly-excited  stales  based  upon  the  spectroscopy  and  dynamics  of  CI2CS  and 
calculations  on  H2CS  will  bo  presented. 
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(iii)  The  rales  ol  vibrational  relaxation,  vibrational  aclivation, 
intersystem  crossing  and  back-inlersyslem  crossing  are  all  comparable 

in  Ihe  thiones  In  fluid  solutions  near  room  temperature.  Together  with  the  small 
SfTi  energy  gaps  In  these  thiones,  this  results  In  (a)  the  observation  ol  thermally 
aclivaled  delayed  lluorcscenco  from  St  following  direct  excitation  to  Tt ,  and  (b)  a 
remarkable  Increase  In  the  quantum  yield  ol  phosphorescence  when  exciting  on  the 
far  red  edge  ol  Ihe  Tt<-So  absorption  band  (Figure  3). 

(Iv)  Unhindered  thione  triplets  are  sell-quenched  at  or  near  diffusion- 
controlled  rates.  Evidence  In  support  ol  a  mechanism  which  Involves  the  formation 
of  triplet  excimers  will  be  presented. 

(v)  The  S2  stales  of  many  thiones  are  deactivated  elllclenlly  In  solution  by 
almost  all  classes  of  compounds  except  the  perlluoroalkanes  (Figure  4).  For 
saturated  quenchers  ihe  quenching  mechanism  Involves  neither  electron  nor 
electronic  energy  transfer  and  often  yields  almost  no  observable  photochemical 
products.  The  use  of  a  wide  variety  of  thione-quencher  combinations  to  uncover  the 
relaxation  mechanism  will  be  described. 

The  thiones  also  offer  excellent  opportunities  to  observe  excited  state-exciled 
slate  Interactions.  We  previously  reported  the  observation  of  efficient  singlet- 
singlet  electronic  energy  pooling,  2Si-»S2-r-So,  in  CI2CS  in  the  gas  phase.  The 
opportunities  lor  related  studies,  including  triplel-lriplet  annihilation  in  solution 
and  electronic  energy  partitioning  In  van  der  Waals  dimers  both  In  cold  supersonic 
beams  and  in  solution  will  be  discussed. 

For  recent  reviews  see:  V.  Ramamurlhy  and  R.P.  Steer,  Acc.  Cliem.  Res.,  21, 
300  (1988)  and  R.P.,  Steer,  Res.  Chem.  Inlormed.,  12,  81  (1909). 

The  authors  gratefully  acknowledge  Ihe  financial  support  of  Ihe  Natural 
Sciences  and  Engineering  Research  Council  ol  Canada. 
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'Flic  electronic  a’)sorption  of  the  biradical  ^b  has  now  been  observed  both 
by  low-temperature  photolysis  and  by  room-temperature  flash  photolysis  of  the 
diazo  compound  2  (X=N2).  Moreover,  the  precursor  carbcnc  n  was  trapped 
with  methanol  in  fluid  solution  (Scheme), 

The  Carbene  Intermediate  (a).  Tlte  biradical  ^b  was  formed  within  the 
time  resolution  of  our  flash  photolysis  experiments  which  sets  an  upper  limit  of 
100  ns  to  the  lifetime  of  the  carlxine  a  at  ambient  temperature.  The  carbene  was, 
however,  sufficiently  long-lived  to  undergo  intenTtolecular  trapping.  Tlte  yield 
of  3b  was  reduced  when  the  carbene  a  was  trapped  by  methanol,  but  the  trapping 
reaction  did  not  obey  a  linear  Stem-Volmer  relationship.  The  formation  of  4 
upon  photolysis  of  2  in  the  presence  of  methanol  provides  clear  evidence  for  the 
existence  of  the  carbcnc  a  as  a  true  reaction  intemtediate. 

The  Biradical  Intermediate  (^b).  1,8-Naphthoquinodimcthanc  (3b)  was 
the  major  product  obtained  by  photolysis  of  2  (X=N2)  at  77  K  and  was  persistent 
in  the  dark;  its  absorption  spectrum  is  .shown  in  the  Figure.  Further  photolysis  of 
31)  at  77  K  gave  acenaphthene  in  the  lowest  triplet  state  which  was  detected  by  its 
characteristic  phosphorescence  emission.  'Flic  yield  of  ^b  was  only  about  10  %  at 
room  temperature  and  it  decayed  to  ground  state  acenaphthene  with  a  lifetime  of 
ca.  100  ps  in  degassed  solutions.  The  deuterated  compound  2  (L=D)  gave  a 
somewhat  higher  yield  of  3b  (about  15%)  in  Cl  I3CN  and  of  the  trapping  product 
4  in  methanol. 

Disciisxion.  At  mom  temperature,  the  singlet  stale  and  the  liiplct  ground 
state  of  the  carbcnc  a  appear  to  be  in  rapid  equilibrium,  and  intra-  and  inter- 
molecular  reactions  from  both  states,  la  and  3a,  compete  for  product  formation. 
We  attribute  the  formation  of  3l)  to  intramolecular  hydrogen  abstraction 
occurring  from  3a,  the  formation  of  acenaphthene  (3)  and  the  trapping  by 
methanol  to  leaetions  occurring  from  'a..  If  the  major  pathway  fiom  'a  to  3 
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proceeds  via  'b,  we  sliould  expect  a  strong  kinetic  isotope  elTcct  upon 
deutcration  of  the  8-mctliyl  group  (L=D).  'I’lie  moderate  effects  observed 
indicate  a  cotKcrtcd  Cli  insertion  from  to  3  as  die  major  pathway. 

At  low  temperature,  the  formation  of  the  biradical  3b  by  1,5-11  shift 
originating  from  3a  predominates.  Combined  evidence  from  studies  of  the 
effects  of  tcmpcratuic,  solvent  heavy  atoms,  and  isotopic  substitution  lead  to  the 
conclusion  that  the  rate-determining  step  in  the  thermal  ring  closure  of  3b 
involves  intersystem  crossing  to  the  singlet  ground  state  surface.  This  is  not 
obvious  on  thcmiochemical  grounds.  'Iliermal  adiabatic  cyclization  of  3b  to  the 
lowest  triplet  state  of  acenaphthene  (33)  is  estimated  to  be  about  ihermoneutral. 
Nevertheless,  33  is  not  formed  by  photolysis  of  2  at  utnbicnt  temperature. 

lire  ring  closure  of  singlet  perinaphthadiyl  to  tiaphthocyclopropanc  is  not 
inhibited  by  a  significant  energy  barrier.'*c  Why  docs  cyclization  of  3b  to  33  not 
occur  on  the  triplet  surface?  The  answer  is  that  adiabatic  cyclization  is  forbidden 
by  Slate  symmetry  for  both  the  disrotatory  and  conrotatory  reaction  paths,  i.  c., 
3b  and  33  belong  to  different  symmetry  species.  State-symmetry  considerations 
arc  of  no  concern  for  thermal  reactions  in  the  electronic  ground  state,  since 
closed-shell  molecules  generally  have  a  totally  symmetric  ground  stale 
wavcfunclion.  However,  siaic-syinmelry  rules  have  been  discussed  for 
pcricyclic  reactions  of  organic  radical  calions.(3) 

Two  pathways  for  the  reaction  3b  3  have  been  identified.  At  ambient 
temperature,  the  product  3  is  formed  in  the  singlet  ground  stale  following  lalc- 
dclcrmining  intersystem  crossing  of  3b  to  lire  singlet  ground  stale  surface.  At  77 
K,  3b  is  persistent  in  the  dark;  photolysis  of  3b  yields  3  in  the  lowest  excited 
triplet  stale  by  an  adiabatic  pathway. 
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Figure;  Absorption  spectrum  of  3b  in  EPA  glass  at  77  K. 
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THE  ROLE  OF  a-AMINOALKYL  RADICALS  IN  THE 
PHOTOREDUCTION  OF  DICARBOXIMIDES  BY  AMINES. 

Tibor  B6rces,  AUila  Demeter  and  LaszIo  Biczdk 
Hungarian  Academy  of  Sciences.  P.O.  B.17,  1525  -  Budapest  (Hungary) 

and 

Veronique  Wintgens,  Pierre  Valat  and  Jean  Kossanyi 
C.N.R.S.,  2-8  rue  Henry  Dunant,  94320  -  Thiais  (France). 

It  is  now  widely  accepted  that  reactions  between  excited  state  ketones 
and  amines  proceed  by  rapid  formation  of  charge  transfer  complexes^ 

In  polar  media,  quenching  occurs  via  a  solvent  separated  ion  pair  to  form 

free  radical-ions'*-®.  Primary  charge  separation  is  often  succeeded  by 
proton  transfer  resulting  in  the  formation  of  a  ketyl  and  an  amine-derived 
free  radical  which  is  often  an  a-aminoalkyl  radical.  Only  few  studies 

dealt  with  the  fate  of  these  radicals®-^.  Here  we  present  our  recent 
results  on  the  investigation  of  the  photo-induced  reactions  of 
dicarboximides  (first  of  alf  N-phenyl-1 ,8-naphfhalimide)  with  tertiary-, 
secondary-  and  primary  amines,  respectively. 

The  -NC0H5  derivatives  of  naphthalimides  have  singlet  lifetimes  less 

than  50  ps,  fluorescence  yields  around  or  smaller  than  10*'*  and  triplet 
yields  accounting  to  0.1 -0.2.  An  efficient  internal  conversion  to  the 
ground  state  occurs  in  case  of  the  •NC0H5  compounds  which  is  enhanced 

by  the  rotational  (tortional)  motion  of  the  phenyl  group®' 

All  amines  (A)  used  in  this  work  react  with  the  triplet  states  of  the 
naphthalimides  (N)  as  indicated  by  the  decrease  of  the  lifetime  of  the  T-T 
absorption  of  N  in  the  presence  of  A.  Rate  constants  for  triplet  quenching 
by  amines  (kq)  were  found  to  vary  significantly  with  the  amine  structure., 

In  acetonitrile,  there  is  a  change  of  almost  five  orders  jf  magnitude  in  kq 
for  N-phenyl-1 ,8-naphthalimide  (Ph-1,8-N)  triplet  quenching  by  amines 
varying  from  DABCO  to  n-pentylamine.  Even  more  striking  is  the 
considerable  effect  of  the  solvent  polarity.  For  the  Ph-1,8-N  +  TEA 
system,  the  kq  rate  constant  increases  by  almost  three  orders  of 
magnitude  when  n-hexane  is  replaced  by  the  polar  acetonitrile.  The 
significant  sensitivity  of  the  triplet  quenching  rate  on  the  ionization 
potential  of  the  amine  and  specially  on  the  solvent  polarity  indicates  that 
the  reaction  of  triplet  N  with  A  involves  a  large  degree  of  charge 
separation  or  complete  electron  transfer. 

Detailed  transient  absorption  studies  of  photoinduced  reactions  of  the  N 
isomers  with  DABCO  showed  that,  beside  ®N,  another  short-lived 
transient  can  be  detected,  too.  This  transient,  which  absorbs  in  the  case 
of  the  Ph-1,8-N  +  TEA  system  in  the  360-520  nm  range  (with  maximum  at 
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415  nm)  is  formed  on  the  same  ifme  scale  and  with  the  same  kinetic 

parameter  as  observed  (or  the  triplet  state  decay,  thus  indicating  that 
is  the  precursor  ol  the  new  transient.  Moreover,  the  transient-absorption 
and  transient  conductivity  time  profiles  observed  seem  to  agree,  thus 
suggesting  that  both  belong  to  the  same  transient  which  is  a  charged 
species.  Finally,  the  ESR  spectrum  -  in  accordance  with  all  other 
observations  -  proves  that  the  transient  can  be  identified  as  the  radical- 

anion  N'  formed  by  electron  transfer  between  A  and  N. 

The  strictly  second  order  decay 
kinetics  of  N'  observed  with  DABCO 
as  the  amine  additive,  suggests  that 
the  N-  species  is  consumed  by  back 
electron  transfer  to  the  amine-deri¬ 
ved  radical-cation  re-forming  the 
ground  state  starting  materials.  In 
case  of  open  chain  aliphatic  amines, 
strongly  fluorescent  products  are 
formed  and  the  transient  kinetics  is 
also  more  complicated.  The  [N']  time 
profile  for  Ph-1,8-N  photoreduction 
by  TEA  is  presented  in  Figure  1.  It 
can  be  seen  that  there  are  two  dis¬ 
tinct  stages  in  N‘  formation  which  are  very  well  resolved  in  time  :  there  is- 
a  fast  primary  build-up  which  occurs  well  within  1  ps  and  a  much  slower- 
secondary  formation  of  N- which  lasts  for  several  10  ps.  In  the  photoreduc¬ 
tion  of  Ph-1.8-N  by  TEA  in  acetonitrile,  the  maximum  value  of  the  quantum 
yield  of  N'  formation  is  twice  the  triplet  yield,  i.e.,  each  primary  production 
of  an  N"  species  is  succeeded  by  a  secondary  N*  formation. 

However, <I>(N;)max  decreases  to  a  value  less  than  ‘I>jsc.  the  intersystem 
crossing  quantum  yield,  if  the  polar  (acetonitrile)  solvent  is  replaced  by  an 
apolar  one  or  if  the  electron  donor  is  a  primary  amine  like  n-pentylamine. 

Determination  ol  N-  yields  significantly  greater  values  than  <l>isc  and 
the  observation  of  the  secondary  formation  of  N-  makes  it  clear  that, 
beside  reduction  of  by  A,  another  efficient  electron  transfer  process 
also  occurs.  We  believe  it  to  take  place  between  an  a-aminoalkyl  free 
radical  (known  as  a  strong  reducing  agent^  )  and  a  ground  state  naphthali- 
mide  molecule..  Thus,  the  suggested  reaction  scheme  for  the  photoreduction 
of  carboximides  by  amines  possessing  hydrogen  atoms  in  the  a-position 
would  be  the  following  : 


Tinr//.! 

Fig.  1:  N'  absorption  time  profile 
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N  +  A 


3n  +  A  (N-  +  A+) 

+3n 

T-T  annihilation 


N--  +  A+  —M  >  N  +  A 

ks  /  A 

Et2N-CH-CH3  +  EtaNH 
^  ><61  + N 
Et2N-CH-CH3  + 


+  N: 


k7 


— >  products 

ks 


+  A 


Et2N-CH=CH2  +  EtaNH 


By  computer  modeling  of  the  formation  and  decay  of  N\  it  could  be 
shown  that  the  pseudo-first  order  rate  constant  k0  (defined  for  the  secon¬ 
dary  N*  formation  from  the  cX-aminoalkyl  radical)  is  indeed  proportional  to 
the  naphthalimide  concentration,  i.e.  ks  =  k6[N]  (see  Figure  2).  Furthermore, 

N'  formation  according  to  reaction  (6)  could  be  demonstrated  by  producing 
the  a-aminoalkyl  radical  via  hydrogen  atom  abstraction  from  the  appro¬ 
priate  amine  (by  tertiobutoxy  free  radicals  obtained  photochemically)  in 
the  presence  of  naphthalimide.  Our  study  indicates  that  N-  formation  in 
reaction  (6)  is  very  fast,  irrespectively  of  the  type  of  amine. 
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Electron  transfer  anti  charge  separation  is  one  of  the  process 
upon  which  our  existence  depends  and  which  is  the  basis  for 
advanced  developments  including  organic  photoconductors, 
photoelectric  conversion,  nonlinear  optical  materials  ns  well  ns 
the  production  and  storage  of  electricity.  Most  important, 
nearly  all  of  earth's  life  forms  use  directly  or  indirectly  the 
transformation  of  sunlight  into  chemical  energy,  which  occurs  via 
an  electron  transfer  and  charge  separation  process.  In  this 
paper,  various  donor-acceptor  substituted  organic  compounds  with 
covalent  bond  and  conjugated  JC-clectric  bond  wore  synthesized  and 
tlirir  photo i nduced  intramolecular  electron  transfer  reactions 
wore  investigated. 

1 .  Triad  Sy.stem 

A  new  triad  model  compound  porphyri n-v iologen-cnrbazol c  (1) 

was  synthesized  to  mimic  photosynthesis.  I'liotosynthcsi s  In  green 

plants  and  bacteria  is  carried  out  by  highly  ordered  system.  So 

it  is  very  important  that  artificial  photosynthesis  system  should 
•  1 
be  well  organized  at  the  level  of  molecules  .  We  report  here  the 

synthesis  of  molecule  (1)  and  its  dind  molecule  (2)  which  tend  to 

form  bangmui  r-lllogctt  film  so  that  we  can  conveniently  assemble  a 

lU'Acl.ical  molocMilar  device  for  solar  energy  conversion. 

The  absorption  siiectra  and  fluorescence  spectra  of  (1)  ainl 


(2)  !\vo  Llio  same  as  LliaL  of  porphyrin  in  l,ho  region  of  350~700nm 
aiul  at  05511111  rcspecLivci  y.  llesides,  there  is  another  emission 
IjainJ  in  (1)  ranged  from  355  to  370nni,  rhich  is  ascribed  to  tlie 
emission  of  earhazolc  moiety.  Spectra  studies  indicate  that 
there  is  no  appreciable  interaction  between  porphyrin,  cai-hor.ole 
and  viologen  moieties  in  tlic  ground  state.  'flie  relative 
f  1  uo resci'ncc  intensities  of  (1)  and  (2)  in  Till'  are  ca.BUX  of 
liorphyriti.  The  fJuoresccnce  life-times  of  (1),(2)  and  pori>hyrin 
were  measured  by  nicaits  of  single  photon  counting  technique  and 
the  calculated  values  of  of  (1)  and  (2)  are  ca.  >1  .  G-kIO^^s”^  . 

All  the  above  data  support  that  photoinduced  electron  transfer 
takes  place  from  the  porphyrin  moiety  to  the  viologen  unit. 


(1  ): 


n=  C|qII22“N 


(2):- 

^16"33 


then  only  one  layer  of  (1)  is  formed  on  thq  surface  of  Snt)2 
electrode,  the  open  -circuit  voltage  and  pliotocurrent  are  '130mV, 
0.2  uA/cm'"  respectively.  However,  those  of  (2)  are  only  27<lmV, 
0.05  uA/cm  .  A  meclninism  incluiling  photoinduced  electron  transfer 
and  two-step  charge  separation  was  suggested  for  compound  (1). 

2.  Hi  ad  System 

Two  novel  covaJently  bonded  electron  donor  (carba3ole)~ 
electron  accept.or  ( norbornad  iene )  diatl  systems  witli  different 
iliajii  iengtii  (3a)  anil  (.la)  were  synthesized  for  the  study  of 
soJ.ir  energy  storage.  The  structures  of  these  diud  compounds  were 
I  den  I.  i  f  i  ed  by  'lINMIt,  III  and  US  spectra  and  the  relationship 
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Ijotwcoii  cliain  lcii(jl.li  iviid  conformnLi on  of  Llicsc  diail  compouiKJ'j  was 
(liscubscci . 

Acetonitrile  solution  of  cliacl  compound  (3a  or  ‘la  )  was 
irrcdiated  and  a  new  compound  (3b  or  -lb  )  was  produced  with 
yield  of  ca.  70%.  The  characterization  of  tlie  spectra  showed  this 
compound  is  corresponding  the  quadricyclane .  The  photoinduced 
intramolecular  isomerization  of  norbornadienc  diad  to  its  isomer 
(]uadr icyclane  was  acliived.  The  results  of  phol.ochemicol  and 
pliotupliysical  studios,  especially  the  CIDNP  experiment,  are 

consistent  with  existence  of  intermecliatos  of  radical-ion  pairs 

2 

and  a  triplet  recombination  mechanism  . 


3,  Conjugated  Tt-KLectric  System 

The  following  four  types  of  electron  donor-acceptor 
substituted  conjugated  ^-electric  compounds  wore  synthesized  and 
their  intruinolecular  charge  transfer  behaviors  and  applications 
were  investigated. 


a) 


Ui=U2=Cll3 


b) 


Kj=Cll3, 


*^2“‘'IG*'33 


c) 


R|=|{2=Cjgll33 
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Typo  (5)  compounds  nro  positive  soJ  vaLoc;li''OMiic  tiioJocuJos. 
The  absorption  maxima  for  5a  and  5b  are  'ITVnm,  ‘IBfinm  in  heptane 
and  527nm,  ;i3'lnm  in  dimothyj  sulfoxide  respectively.  Typo  (7) 
I'ompounds  wliicli  are  typical  dual  fl uorescenco  molecules  can  cmj  I 
(■  luo rescence  from  TICT  state  (  A  band  I  and  coiilanai-  cliari^c 

transfer  ICT  stat.o  (  U  band  ).  In  DMSO-II^O  mixed  solvent  the 

f'lbsorpl.ion  and  fLuoresconce  spectra  of  the  compounds  with  I  on(( 
hydrocarbon  chains  (  5b,  Gb,  7b  )  sl>ow  the  angrogation  behavior 
clearly.  The  fluorescence  of  compounds  {  7a,  7b,  7c  )  in 
acetonitrile  is  ciuencbed  by  Lrictby  lamine ,  We  attribute  the 
quenching  to  the  formation  of  three-electron  bond  between  the 

amino  lone- pair  electrons  and  tlie  cation  radical  of  the 
compounds.  These  results  demonstrate  that  the  TICT  state  can  be 
siitisfactorily  viewed  as  a  charge-localised  biradical  state, 

Si>ecLroscopic  .studies  reveal  that;  11,  The  molecule  of  (8) 
has  an  angle  ca.  90“  between  anthryl  and  trivinyl  moiety  in 

ground  state,  21,  It  becomes  more  coplanar  in  excited  Lli  state 

and  an  electron  transfers  to  tricyanovinyl  moiety  from  anthryl 
group  in  polar  solvents,  31,  Then  compound  (8)  goes  back  l.o 
twisted  conformation,  TICT  stnte^. 

Since  efficient  photoinduced  intramolecular  charge  transfer 
and  ch/irge  separation,  these  compounds  (  5,  G,  7,  8  I  reveal  a. 
series  of  very  interesting  photoelectric  behaviors,  c,g,,  these 
compounds  show  strong  signal  of  surface  plioLovol lage ;  compound 

(8)  has  a  ca,,  200  mV  phoLovoltnge  in  BLM;  compound  (51  has  a 

3  "*9 

large  third  order  susceptibility,  x  ~  JO  esu  with  an  optical 
h  is  tah  i  J  i  l.y  , 
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Docs  it  make  anv  sense  to  think  of  making  chemicals  with  sunlight?  Table  1  shows  calculations 
of  the  tlieoreticol  yield  of  a  one  hectare  solar  chemical  plant,  roughly  the  sire  of  a  football  field 
(100  meters  by  100  meters].  With  the  normal  average  solar  intensity  of  300  watti/m)  (Montreal 
or  Toronto)  you  could  malre  32  tons  a  day  of  a  chemical  like  Vitamin  D.  That  is  many  times 
the  entire  annual  consumption  of  Vitamin  D  in  Canada.  With  radiation  in  the  visible  region, 
tliere  is  about  4000  kilowatts  of  solar  energy  which  could  theoretically  produce  about  200  tons  of 
clicinicals  a  day,  comparable  to  the  production  of  a  full  scale  chemical  plant  (1|. 


Since  energy  is  a  major  component  of  the 
cost  of  many  chemicals  (e.g.,  fertilizers), 
the  use  of  sunlight  to  make  valuable  chemi¬ 
cals  could  have  important  industrial  appli¬ 
cations. 

The  most  important  of  all  solar  chemical 
systems  is  that  of  the  green  plant.  How¬ 
ever  photosynthesis  is  complicated  because 
the  natural  system  contains  what  are  called 
"antennas".  In  the  leaf  of  a  green  plant 
the  chlorophyll,  whicli  is  green,  is  not  dis¬ 
tributed  evenly  throughout  the  leaf,  but  is  localized  in  small  units  called  chloroplasts.  Further¬ 
more,  the  arrangement  is  not  even  uniform  within  tlie  chloroplasts.  In  a  single  photosyntlictic 
unit,  there  is  one  active  centre,  plus  about  200  extra  chlorophyll  units  embedded  in  a  lipid  bi- 
layer  membrane.  The  purpose  of  these  extra  units  is  to  act  as  antennas  so  that  the  light  absorb¬ 
ed  will  be  delocalized  tlirough  the  system  and  eventually  will  reach  the  active  centre  to  drive  the 
process  of  photosynthesis. 


'ruble  l.  'riicorcticnl  Production  of  n  l-llcctore 
Soliir  Plont 


Wiivclcngth 

Production 

niMf'c  (mil) 

ICW,  noon 

tons/Uuy 

Noiir  UV  -  27(1-4(1(1 

tiou 

32 

Vishilo  —  4(1(1-7(10 

4,(l()(l 

207 

Near  lit  -  7(l(l-tll()(l 

22,000 

212 

A  number  of  yean  ago  [2],  polyme'  scientists  discovered  that  aromatic  polymers  such  as  poly- 
(vinylnaplithalenel  and  pulyfnaplit'iylmethacrylate)  have  similar  properties.  If  these  polymers 
arc  irradiated  witli  near-UV  light,  an  excitation  on  one  of  the  naphthalene  groups  is  localized  for 
only  a  few  picoseconds  before  it  hops  along  the  chain  to  some  other  adjacent  group.  In  fact,  it 
will  move  back  and  forth  in  a  random  walk  until  it  is  trapped  or  the  energy  is  emitted  as  a  pho¬ 
ton  of  fluorescence.  This  is  an  example  of  what  we  call  the  "antenna  effect",  or  "photon  har¬ 
vesting"  ill  polymeric  molecules.  A  polymer  antenna  is  a  polymer  which,  in  solution,  looks 
somctliing  like  Fig.  1  where  the  N’s  are  naphthalene,  and  A  is  anthracene.  Tliis  random  coil  in 
solution  IS  capable  of  absorbing  near  ultraviolet  light,  and  transferring  the  excitation  from  the 
absorbing  naphthalene  groups  -  there  may  be  a  thousand  of  them  -  to  a  single  anthracene  trap 
in  the  middle.  Tlie  fluorescent  spectrum  of  the  polymer  shows  that  the  emission  intensity  from 
the  thousand  naphthalene  groups  is  less  than  that  ol  the  one  anthracene  on  the  chain.  Clearly 
the  energy  absorbed  by  the  naphthalene  has  been  transferred  to  the  anthracene.  Over  the  last 
decade  or  so  we  have  been  looking  at  various  ways  in  which  one  can  use  this  energy-harvesting 
process  to  do  useful  chemistry. 

It  is  now  well  established  [2]  that  the  energy  is  transferred  by  means  of  a  singlet  energy  transfer 
(Forster)  mechanism  due  to  dipole-dipole  interactions  between  the  various  groups  in  the  chain. 
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The  cIGciuncy  of  this  process  a|)|iroachcs  9S9ii  so  we  can  build  antennas  which  ate  just  as  r,ou(l 
as  Nature's  antennas  at  collecting  photons.  The  lifetime  over  which  this  excitation  moves  is 
very  v<.:y  short,  of  the  order  of  10-20  ns,  or  10'>  s.  After  that  there  is  a  chance  that  the 
excitation  will  convert  to  a  triplet  which  has  a  much  longer  lifetime,  of  the  order  of  0.1-2  s. 

I’llOTOZYMES 

These  new  polvmers  are  usually  copolymers  of  a  vinyl  aromatic  compound  like  vinylnaplitlialene 
with  styrencsulphonate  or  methacrylic  or  acrylic  acid.  These  unusual  imlymers  behave  normally 
in  an  organic  solvent  to  form  something  like  a  random  coil,  but  if  dissolved  <n  water,  they  form 
])seudo-micellar  structures  in  which  the  hydrophobic  groups  tend  to  go  on  the  inside,  and  the 
hydrophyllic  groups  on  the  outside.  There  is  nothing  verv  surprising  about  this  except  that  one 
might  have  expected  that  with  polyelectrolytcs  the  repulsions  between  the  ionic  groups  would 
s|)rc<ad  the  chain  out  into  a  linear  tod-^ike  chain.  Apparently  the  hydrophobic  interactions  arc 
too  strong  and  the  polymer  adopts  a  pscudo-iuiccllar  conformation,  which  has  very  interesting 
properties. 

For  example  if  the  polymer  is  dissolved  in  water  in  the  presence  of  a  hydrophobic  organic  mate¬ 
rial,  the  organic  compounds  will  seek  out  the  centre  of  the  "hydrophobic  pocket".  If  the  solution 
is  then  irradiated,  light  will  be  absorbed  by  the  many  naphthalene  groups  and  their  energy 
transferred  either  or  uirectly  or  electronically,  to  the  molecules  in  the  centre,  inducing  extremely 
rajiid  photochemical  reactions.  Ilecausc  of  the  analogy  between  these  pseudo-micelles  and  an 
enzyme,  which  also  has  a  hydrophobic  pocket,  and  wldch  is  capable  of  doing  rajiid  and  rather 
specific  chemical  reactions  in  living  systems  —  we  have  called  them  "photozymes". 

The  exact  molecular  conformation  of  these  polymers  in  water  has  not  yet  been  determined. 
They  arc  random  polymers.  All  of  the  naphthalene  cannot  be  in  the  centre  and  all  of  the  sul- 
plionates  on  the  outside.  Clearly  there  must  be  some  distribution  where  the  larger  sc(|ucnces  of 
vinylnajihthalcnc  arc  in  the  centre  and  the  individu.al  sulphonic  acids  arc  towards  the  outside, 
bight  scattering  d.ata  indicate  that  the  effective  hydrodynamic  radii  arc  larger  than  one  would 
predict  from  a  random  coil  model,  presumably  because  of  the  repulsion  of  the  char|>cd  ionic 
groups  within  [3j.  Studies  by  light  scattering,  riuasi-clastic  light  scattering,  and  by  ultracentri- 
lugc,  indicate  that  there  is  no  coagulation  of  these  polymers  ['1].  They  arc  single  molecules  in 
solution  with  molecular  weights  from  50,000  to  200,000,  and  they  appear  to  be  simcrical. 

Most  of  ou;  studies  of  photozymes  to  date  have  used  a  copolymer  of  nearly  e()ual  jiroportions  of 
sodium  styrene  sulfonate  and  2-viHylnaphthalcnc,  denoted  I’SSS-VN,  with  a  molecular  weight  of 
about  200,000  (by  ultraccntrifugc).  The  fluorescence  of  a  very  dilute  solution  of  this  ]>olymcr  (of 
the  order  of  10  or  100  ppm)  shows  two  emission  bands,  one  from  the  na))hthalcnc  "monomer" 
and  the  second  from  what  is  called  an  cxcimer  of  naphthalene  (Fig.  2).  If  a  very  small  rjuantily 
of  pcrylcnc  is  added  to  this  solution,  the  naphthalene  emission  decreases  and  supcrimpuiicd  on  it 
is  a  strong  characteristic  emission  from  the  pcrylcnc,  even  though  it  represents  only  one  part  in  a 
thousand  of  the  total  composition  (Fig.  2).  TIus  is  clear  evidence  for  energy  transfer  from  naph¬ 
thalene  to  pctylene  via  the  antenna  effect. 

If  the  concentration  of  polymer  is  increased,  the  amount  of  pcrylcnc  solubilized  also  increases. 
Increasing  the  pcrylcnc  (at  constant  polymer  concentration)  the  fluorescence  emission  reaches  a 
constant  value,  indicating  that  the  polymer  is  fully  saturated.  From  tlicsc  data  the  partition 
coeffleient  between  water  and  the  interior  of  the  hydrophobic  pocket  can  be  calculated.  Table  2 
shows  the  number  of  aromatic  probe  molecules  at  saturation  in  I’SSS-VN.  Six  molecules  of 
anthracene  can  be  dissolved  in  each  polymer  molecule,  two  of  diphenyl  anthracene  and  only  one 
of  pcrylcnc.  The  partition  cocfflcicnts  ate  greater  than  10*.  'i'hus  nearly  all  of  the  aromatic 
compounds  present  in  an  ariucous  solution  will  be  localized  inside  the  hydrophobic  jiockct  of  the 
photozyme. 
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Table  2.  Partition  Coefficients  K  and  Solubility 
of  Various  Aromatic  Probes  in  PSSS-VN 


Wavelength 
range  (nm) 

Kx  10“'^ 
(15%) 

Mol/mol 
of  polymer 

Anthracene 

12.70 

6 

9,10-Dimethylanthruccne 

15.80 

3 

3,10-Diphenylanthruccnc 

30.70 

2 

9-Metliylanthracene 

0.30 

10 

Perylcne 

1870.00 

1 

The  dimensions  of  these  polymer  coils  can 
be  changed  by  adjusting  either  the  pH  or 
the  ionic  strength.  At  high  pH  or  ionic 
strength,  the  coil  is  compressed.  At.  low 
and  high  pH  (and  high  ionic  strength)  the 
volume  decreases  by  an  order  of  magnitude. 
However  the  solubility  does  not  change 
very  much,  indicating  that  even  though  the 
photozyme  is  not  as  non-polar  when  it  is 
expanded,  it  still  retains  its  afGnity  for 
hydrophobic  molecules. 

Irradiation  of  photozyme  solutions  of 
aromatic  molecules  in  the  presence  o^ 
oxygen  leads  to  very  rapid  conversion  of 
the  aromatic,  such  as  dimethyianthracene, 
into  an  endoperoxide  which  eventually  is 
converted  to  a  quinone. 

Since  this  compound  does  not  fluoresce, 
there  is  an  immediate  decrease  in  the  fluor¬ 
escence  intensity..  The  rate  can  thus  be 
followed  by  fluorescence  measurements. 
However,  in  this  case  the  rate  of  photooxi¬ 
dation  does  depend  on  the  expansion  of  the 
coil.. 


^  In  the  highly  expanded  form,  the  singlet  oxygen  may  be  generated  too  far  away  from  the  probe 
'  -for  reaction  to  occur.  Thus,  in  this  type  of  photozyme  reaction,  the  rate  can  be  adjusted  by  the 
simple  addition  of  salt  or  acid.  Since  the  photozyme  is  in  equilibrium  with  the  aqueous  solvent, 
the  photochemical  reaction  can  be  carried  out  sequentially..  More  substrate  can  be  added  after 
reaction  and  this  process  repeated  many  times.  By  analogy  to  an  enzyme  there  is  a  cycling  of 
the  reagents  through  the  catalyst,  hundreds  of  cycles  can  be  carried  out  in  some  of  these  systems 
to  produce  substantial  yields  of  product.  There  are  also  indications  that  there  is  a  certain  selec¬ 
tivity  to  the  chemical  reactions  within  the  photozyme  (5,6). 


Polycidorinated  biphenyls  (PCBs)  have  solubilities  of  the  order  of  1  ppb  in  ordinary  water,  but 
many  people  think  that  they  are  so  toxic  that  their  concentration  must  be  reduced  to  parts  per 
hundred  trillion.  That  represents  a  technical  problem  because  the  law  of  mass  action  predicts 
that  the  rate  of  any  reaction  is  proportional  to  concentration.  With  only  1  ppb  of  one  reagent, 
the  rate  of  reaction  will  be  very  slow  unless  a  large  excess  of  the  other  reagent  is  used. 
Fortunately,  the  enzyme-like  nature  of  photozymes  means  that  the  PCD  can  be  concentrated  in 
the  reactive  centre.  We  have  found  that  the  photozyme  PSSS-VN  is  very  efficient  to 
dechlorinate  typical  PCBs.  For  example,  solar  irradiation  of  hexacblorobiphenyl,  a  model  PCB, 
results  in  substantial  conversion  to  less  toxic  compounds,  often  after  only  a  few  days  of  solar 
radiation  [?].  It  seems  that  the  photozyme  itself  plays  a  part  in  the  mechanism  by  forming  a 
complex  with  the  PCB  before  the  halogen  is  removed.  Further  studies  with  commercial  Arochlor 
samples  conCrm  the  efficacy  of  the  photozyme  [8]. 


A  typical  Arochlor  consists  of  hundreds  of  chlorinated  biphenyls,  and  the  higher  components  are 
eliminated  over  a  period  of  time.  Those  which  are  the  most  dangerous  toxicologically,  are  grad¬ 
ually  transformed.  In  a  possible  application  the  photozyme  could  be  added  at  parts  per  million 
levels  to  a  tailings  pond  containing  contaminated  water.  The  rate  of  dechlorination  is  probably 
100  times  greater  than  if  the  water  is  irradiated  directly. 
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As  these  experiments  illustrate,  these  photocatalytic  polyclecrolytes  (photosymes)  have  a  number 
of  potentially  important  practical  applicatons  to  industrial  photochemistry. 

This  work  was  made  possible  originally  by  the  award  of  a  Gugeenheim  Fellowship,  and  later  a 
Kil  am  IleTearch  Fdlowship  (to  J.E.G.).  Financial  support  from  the  Natural  Saences  and 
Engineering  Research  Council  of  Canada  and  the  Ontario  Centre  for  Materials  Research  is 
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Figure  1.  A  conceptual  illustration 
of  energy  transfer  in  on  antenna 
polymer. 


Wovelenjin  (nmj 

Figure  2.  Stenriy-statc  fluorescence 
spectrum  of  PSSS-VN  in  aqueous  solu¬ 
tion. 


Figure  3.  Perylene  emission  intensity 
and  PSSS-VN  liycJrodynaniic  volume  os 
0  function  of  pll  (ionic  slrcngtli). 
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PHOTOCHEMISTRY  IN  ORGANIZED  MONOLAYERS 

Dietmor  Mbbius.  R.  C.  Ahuja,  P.  Aramendia,  G..  Cominati  and  D.  Hdnig 
Mox-Planck-lnstitut  fur  biophysikalische  Chemie,  Postfach  2041,  D-3400  Gottingen 

The  organization  of  amphiphilic  molecules  in  monolayers  at  the  air-water 
interface  is  controlled  by  parameters  like  monolayer  and  subphase  composition, 
surface  pressure  and  temperature.  The  reactivity  of  molecules  in  monolayers  at 
the  oir-woter  interface  is  different  from  that  in  monolayer  systems  due  to  differ¬ 
ent  mobility.  This  may  be  particularly  important  in  Interactions  with  components 
in  the  adjacent  aqueous  phase,  since  o  floating  monolayer  can  incorporate  appro¬ 
priate  molecules  and  relaxe  whereas  water  soluble  components  may  only  be 
adsorbed  to  the  surface  of  a  monolayer  system.  Binding  of  smoll  charged  mole¬ 
cules  to  a  monolayer  depends  strongly  on  the  noture  of  the  dipoles  at  the 
monolayer-air  interface  or  on  the  underlying  structure  of  monolayer  systems  on 
solid  substrates. 

1.  Brewster  angle  microscopy.  No  p-polarized  light  is  reflected  from  the  air-water 
interface  if  the  angle  of  incidence  is  the  Brewster  angle.  Keeping  the  angle 
fixed,  reflected  light  is  detected  after  formation  of  o  monolayer  on  the  water 
surface,  and  reflectivity/area  isotherms  can  be  measured  upon  monolayer  com¬ 
pression  simultaneously  with  surface  pressure/area  isotherms^’^  This  is  quite 
different  from  measurement  of  reflectivity  isotherms  or  reflection  spectra*^^ 
with  normally  incident  light  absorbed  by  the  dye,  since  light  obsorption  is  inten¬ 
tionally  avoided  here  in  order  to  prevent  photoreactions. 

The  reflected  light  may  also  be  imoged  on  a  CCD  camera,  and  a  microscopic 
image  of  the  monolayer  is  recorded  showing  domains  and  phase  tronsitions  in 
the  absence  of  fluorescent  probes  Brewster  angle  microscopy  (BAM), 
therefore,  provides  information  on  the  lateral  structure  of  monolayers  on  the  urn 
scale.  The  contrast  between  the  areas  covered  with  liquid  state  monolayer  (dark) 
and  those  with  liquid-condensed  domains  (bright)  originates  from  different  thick¬ 
ness  and/or  different  refractive  indices  of  the  areas.  Therefore,  BAM  moy  be 
useful  in  the  investigation  of  photoreactions  in  organized  monolayers. 

2,  Spiropyran/Merocvonine  System  gt  the  Air-Woter  Interface.  The  use  of  the 
photoisomerization  reoction  of  an  amphiphilic  splropyran  SP  in  mixed  monoloyers 
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with  octadeconol  for  generation  of  a  surface  pressure  jump  has  been  described 
earlier^'**.  We  hove  now  investigated  the  behaviour  of  mixed  monolayers  ot  the 
Qir-water  interface  of  on  amphiphilic  spiropyran  SP  ond  phospholipids  such  os 
DMPC,  DMPA  and  DPPS  as  matrix  were  investigated.  The  reflection  spectrum 
shows  the  two  chromene  bands  at  about  370  nm  and  280  nm  which  are  slightly 
shifted  to  longer  waves  with  respect  to  the  solution  spectrum.  The  reflection 
spectra  ore  sensitive  to  the  matrix  molecule  ond  monolayer  relaxation  indicating 
polarity  effects  and  change  of  chromophore  orientotion  at  the  air-water  interface. 

Irradiation  of  the  mixed  SP/phospholipid  monolayer  with  366  nm  radiation 
lends  to  large  changes  in  surface  pressure  and  the  appearance  of  a  reflection 
band  at  550  nm  corresponding  to  the  merocyonine  form  MC.  This  MC  form  re¬ 
verts  to  the  SP  form  both  in  the  dark  and  photochemicolty  with  corresponding 
changes  in  surface  pressure..  The  tvIC  form  emits  o  fluorescence  at  650  nm 
which  can  be  excirted  either  directly  (545nm  to  575  nm)  or  indirectly  (370  nm).. 
The  kinetics  of  the  isomerization  from  SP  to  MC  was  measured  using  the 
fluorescence  signal  of  the  MC  form. 

3.  Reversible  Isomerization  of  on  Amphiphilic  Azobenzene.  In  contrast  to  the 
spiropyran  where  the  chromophore  is  the  head  group  of  the  omphiphile,  here  the 
chromophore  is  part  of  the  hydrophobic  chain.  The  isomerization  of  the  azo¬ 
benzene  AP812  (structure  below)  was  investigated  in  monolayers  at  the  air-water 
interface  as  well  as  in  transferred  monolayers.  The  reflection  spectra  of  the 
trons  and  cis  forms  of  an  AP812  monolayer  at  a  surfoce  pressure  of  30  mN/m 
ore  shown  in  Fig.  1.  Trans-cis  isomerization  was  obtained  by  illumination  with 
366  nm  radiation.  The  cis  form  reacts  b  ■  to  trons  upon  illumination  at  436 
nm.  Both  kinetics  and  degree  of  cis-trabns  isomerization  depend  on  surface 
pressure  and  light  intensity.  The  reflection  spectra  of  the  trons  form  show  a 
blue  shift  with  increasing  surface  pressure.  The  Isomerization  con  also  be 
carried  out  reversibly  in  transferred  monolayers. 

4.  Photoinduced  Electron  Tro.,5fer  jn  Monolovers  at  the  Air-Water  interfoce.  In 
dense-packed  monolayers  of  a  pyrene-labelled  palmitoyl-phosphatidylcholine 
(PyPPC)  and  DPPA  the  pyrene  is  located  at  the  monolayer-air  interface.  The  ad¬ 
sorption  of  the  electron  acceptor  methyl  viologen  (MV)  from  the  aqueous  sub¬ 
phase  to  the  negatively  charged  head  groups  of  the  mixed  monoloyer  was  charac¬ 
terized  by  measuring  the  reflection  spectrum  of  MV  with  moximum  at  265  nm. 
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Upon  excitation  of  the  pyrene  photoinduced  electron  transfer  across  the  mono- 
layer  to  MV  causes  steady  state  quenching  of  the  pyrene  monomer  emission. 
The  surface  density  of  adsorbed  MV  and  consequently  tlie  extent  of  quenching 
depends  on  the  bulk  concentration  of  MV. 

^  Effect  of  Dipole  Lavers  on  Photoinduced  Electron  Tronsfer.  Investigations  of 
protonation  equilibria  at  the  interface  monolayer  system-water  have  revealed  a 
strong  influence  of  the  underlying  system  on  the  apporent  pK  of  a  fluorescent 
probe  located  at  the  interface  in  an  unchanged  near  environment<^-®\.  We  have 
studied  fluorescence  quenching  of  an  amphiphilic  pyrene  located  at  the  system- 
water  interface  of  a  bilayer  on  glass  in  contact  with  an  aqueous  phase  by 
methyl  viologen  (MV)  adsorbed  to  the  negatively  charged  head  groups  of  the 
monolayer  matrix.  Quenching  depends  strongly  on  the  nature  of  the  first  layer  in 
crntact  with  the  glass  surface,  although  the  second  layer  in  contact  with  water 
has  the  same  composition.  No  quenching  in  contact  with  10"®  M  MV  is  observed 
when  the  first  layer  is  eicosylomine,  considerabel  quenching  was  found  under  the 
same  conditions  with  cadmium  arachida»e  as  first  loyer.  The  phenomenon  is 
ascribed  to  the  effect  of  charges  and  dipoles  at  the  glass  surface  on  the  MV 
concentration  near  the  system-water  interface. 
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Fig.  1;  Reflection  spectra  of  monolayers  of  the  omphiphilic  ozobenzene  AP812,  cis 
form  with  maxiina  at  315  nm  and  445  nm,  trans  form  with  maximum  at  335  nm. 


WIOTOINDUCED  ELECl'RON  AND  ENERGY  TRANSFER  IN  COVALENTLY  LINKED 
SUPRAMOLECULAR  SPECIES  BASED  ON  METAL  COMPLEXES 
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M.  Teresa  Indeili,  and  Maria  A.  Rainpi 

Dipailimcnlo  di  Cliimica  dell’Universitii,  Centro  di  Fotocliiinica  CNR, 

44100  Ferrara,  Italy 

Supramolecular  pliotochcinistry  is  a  new  and  rapidly  developing  field  of  research,^')  in 
whicii  aspects  of  fundamental  and  applied  nature  arc  deeply  intertwined.  In  a 
supramolecular  system  made  up  of  suitably  linked  molecular  components,  the  study  of 
pltotoinduccd  intercomponent  processes  offers  substantial  mechanistic  advanttigcs  over  that 
of  analogous  bimolccular  processes.  It  is  indeed  from  the  study  of  covalently  linked  "dyads" 
that  some  major  advances  in  the  understanding  of  fundamental  aspects  of  electron  and 
energy  transfer  processes  have  recently  been  obtained.^^*^^  On  the  other  hand,  the  world  of 
biology,  with  the  supramolecular  structure  of  its  reaction  centers  and  active  sites,  represents 
a  continous  source  of  inspiration  to  tlie  field.  Natural  s> stems  aic  able  to  achieve  light- 
indticed  functions  at  a  molecular  level,  an  outstanding  example  being  givren  by  the 
transmembrane  charge  separation  occurring  in  photosynthetic  reaction  centers. 

Extension  to  artificial  systems  leads  to  the  concept  of  photochemical  molecular  devices,  i.e., 
appropriate  assemblies  of  molecular  components  (supramoiccular  structures)  capable  of 
performing  valuable  light-induced  functions  (vectorial  charge  separation,  directed  migration 
of  electronic  energy,  remote  photosensitization,  switch  on/off  of  electrical  or  light  signals, 
modulation  of  receptor  ability,  control  of  cavity  size,  ctc.).^^)  For  most  ligth-induced 
functions,  likely  mechanisms  involve  sequences  of  elementary  acts  (radiative  or 
radiationless  processes  within  single  components  as  well  as  intercomponent  energy  and 
electron  uansfer  pioccsses). 

Transition  metal  complexes  are  attiactivc  building  blocks  for  supramolecular  systems, 
due  to  their  flexibility  with  respect  to  excited-state  and  icdox  piopertics.  Supramolecular 
systems  made  of  metal  complex  covalently  linked  via  biidging  ligands  arc  commonly 
termed  polynuclear  complexes,  and  tlieir  photochemistry  is  receiving  an  incieasing  iimount 
of  attention. llie  subject  of  this  presentation  is  the  behavior  of  some  polynuclear 
complexes  containing  Ru(ll),  Rc(l),  Rh(lll),  and  Cr(lll)  subunits,  designed  to  the  purpo.se  of 
studying  photoinduced  intercomponent  energy  r-.d  electron  U’ansfer  processes  between 
metal-containing  components.  The  main  results  obtained  can  be  summarized  as  follows. 
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Polychromophoric  syxiems.  'I’licsc  systems  arc  made  of  a  number  (two  to  five)  of  metal- 
bipyridiiic  citrumopliorcs  linked  by  bridging  cyanides.  ’I'lic  excited-state  energies  of  tlic 
various  cliromupliuics,  while  similar,  arc  not  exactly  the  same  due  to  differences  in  metal 
(Rc(I),  Ru(ll)),  ancillary  ligands  (bpy,  CN‘,  CO),  and  bonding  mode  (N-  or  C-  bonded)  of 
tlie  bridging  ligand.  In  all  cases,  fa.si  intcrcomponcnt  energy  transfer  has  been  observed, 
leading  to  100%  efficient  population  of  the  lowcst-cncrgy  excited  chromophoic.  These 
systems  Ixihavc  as  (supru)mulccular  antennas.  Hiis  effect  has  been  used  as  a  means  to 
increase  the  light  absoiption  efficiency  of  sen.sitizcd  semiconductors. 
Chramophorc-liimiiuiplwre.  compic.xes.  In  thc.se  complexes,  one  or  two  Ru(II)-bipyridinc 
units,  characterized  by  inten.se  visible  absorption,  have  been  coupled  via  bridging  cyanides 
to  Cr(i(l)  complex  units,  which  practically  lack  of  visible  light  absoiption  but  have  a  very 
typical  natiow  and  long-lived  red  emission.  Faiit  and  efficient  inteicomponcnt  energy 
transfer  has  been  observed,  leading  to  efficient  emission  from  the  Cr(lll)  luminophorc 
following  visible  ab.sorption  by  the  Ru(II)  chromophore.  Two-component  .systems  of  this 
type  arc  lx:ttcr  suited  than  simple  molecular  species  for  .rc/xira/c  optimization  of  the  light 
absorption  and  emission  piopertics,  and  could  reprc.scnt  a  useful  strategy  in  the  design  of, 
c.g.,  luminescent  labels. 

Plioiointlaceil  election  transfer.  "Dis-bipyridinc”  ligands,  where  two  bpy-tyjre  ligands  are 
covalently  attached  in  the  4  position  by  a  two-methylene  chain,  arc  used  to  build  up  .systems 
in  wliieh  intcrcomponcnt  election  transfer  can  be  studied.  The  ub.sorbcd  light  is  used  to 
trigger  the  electron  transfer  event  cither  directly  (A*-I}  -•>  phoUnnducetl  electron 
tiunsfer)  or  iiidiicctly  (to  protluce  a  sitc-scicctivciy  icduccd  species  that  undergoes  c/iurgc 
.sliijt,  B'-C  ->  B-C').  Attempts  to  couple  the  two  types  of  system  to  obtain  photoinduced 
charge  .xcpai at'on  over  a  thrcc-ccntcr  system  (A*-B-C  -->  A'''-B-C‘)  aie  in  piogiess. 

( 1 )  Balzani,  V.  and  Scandola  F.  (1991)  Siipiamoleciilur  I’hoioclicmistry,  1  loiwood 

(2)  Closs,  Cl.  L.  and  Miller,  J.  R.  (1988)  Science  240  440 

(3)  Oeveiiiig,  11.,  Vcihoeven,  J.  W.,  Paddon-Row,  M.  N.,  and  Wainian,  J.  M.  (1989) 
Tetralieilron  45  47.5 1 

(4)  Deisenhofer,  J.  and  Michel,  II.  (1989)  28  Aniicw.  Cliem.  hit,  Ed.  En};l.  829 

(.5)  1  lubcr,  R  (1989)  A/i.i’w.  Chein.  Ini.  Ed.  En^l.  IH  848 

(6)  Ref.  1,  Chap.  12. 

(7)  .Scandola,  F..  Indclli,  M.  T.,  Chiorboli,  C.,  and  Bigiioz/.i,  C.  A.  (1990)  Top.  Cun. 
Chrm.  158  73 
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Photoinduced  Electron  Transfer  end  Pholo-conducllon  In  Langmuir  Blodgett  Films 

M.  Van  der  Auweraer.  C.  Cathty,  D.  Meerachaut  and  F.C.  Be  Schiyver 
Chemistry  Department  K.U.  Leuven 
Celestljnenlaan  200P  3001  Leuven  Belgium 

0.  Karthaus,  L.  Hausling,  H.Rlngsdorf 
Instltut  FUr  Organlsche  Chemle,  Johannes  Gutenberg  UnlversltUt  Mainz 
J.J.  Becherueg  21,  SSOd  Mainz  B.R.B. 

Photo-Induced  electron  transfer  in  monolayer  assemblies  has  been  ob¬ 
served  by  fluorescence  quenching ^ of  dye  molecules  or  aromatic 
moieties  Incorporated  In  Langmuir  Blodgett  films  and  by  the  generation  sf 
photo-currents  perpendicular^^* • and  parallel^®* • to  Langmuir 
Blodgett  films. 

When  a  monolayer  of  an  U-(2-anthryl)-fatty  acid  and  a  mixed 
monolayer  of  a  cyanine  or  xanthene  dye  and  arachldic  acid  are  deposited 
successively  on  an  anthracene  single  crystal  (figure  1)  a  photo-sensitized 
hole  current  is  observed  upon  excitation  of  the  dye.  The  photo-current 
Injected  by  this  monolayer  assembly  saturates  at  considerably  lower  field 
strengths  than  photo-currents  Injected  by  adsorbed  dye  molecules.  This 
could  be  Bttrlbuted^^*  to  a  decrease  of  the  image  potential  that  binds  the 
injected  hole  to  the  first  layer  of  the  crystal,  leading  to  a  more 
efficient  escape^^*  of  the  Injected  hole.  The  decrease  of  the  quantum 
yield  of  the  sensitized  photo-current  observed  ipon  increasing  the  length 
of  the  U-(Z-anthryl)-fatty  confirms  that  the  low  overall  quantum  yield  is 
due  to  competition  between  the  monomolecular  decay  of  the  excited  state  of 
the  dye  and  the  primary  electron  transfer  step,  A  quantitative 
interpretation  of  this  effect  suggests  that  the  electron  transfer  is 
assisted^^®*  by  the  interaction  between  the  highest  occupied  v-orbltal  of 
the  dye  and  the  highest  occupied  o-orbltal  of  the  alkyl  chain.  Replacing 
arachldic  acid  by  tripalmltlne  changes  the  electric  field  at  the  Interface 
between  the  two  monolayers  and  decreases  the  efficiency  of  the  electron 
transfer  by  90  I, 

While  some  experiments  suggost^^^*'^^^*  that  condensed  Langmuir 
Blodgett  multilayers  of  saturated  fatty  acids  consist  of  a  conglomerate  of 
twodlmenslonal  microcrystals  more  homogeneous  multilayers  can  be  obtained 
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[rum  low  molecular  pulymcrs^^^^ .  Polymers  with  mesogenic 
tripheuyleive^^^  ^ side  chains  (figure  2n),  forming  discotic  bulk 
phases,  were  able  to  form  stable  monolayers  on  a  water  surface.  By 
transfer  of  those  monolayers  to  a  substratum  is  was  possible  to  obtain 
multilayers  where  the  triphenyleno  moieties  were  arranged  in  stacks 
oriented  parallel  to  the  surface  of  the  substratum  (figure  2b). 

The  absorption  spectra  of  the  Langmuir  Blodgett  films  are 
characterized  by  a  maximum  at  278  nm  and  a  shoulder  at  310  and  350  nm. 
They  correspond  to  the  absorption  spectrum  of  a  dilute  solution  of  the 
same  hexa-alkoxy-triphenylene  which  is  characterized  by  a  main  maximum  at 
278  nm  and  smaller  maxima  at  306  nm  and  367  nm.  The  fluorescence  spectra 
of  both  the  LB-fllm  and  the  solution  consist  of  a  band  with  a  maximum  at 
385  nm.  The  0-0  transition  of  the  fluorescence  spectrum  is  for  both 
samples  observed  at  370  nm.  Those  data  suggest  that  no  strong  interaction 
occurs  between  the  triphenylene  moieties  in  the  Langmuir  Blodgett  film. 

The  dark  and  photo  currents  of  the  mono-  and  multilayers  at  applied 
electric  fields  between  zero  and  5.0x10^  Vem*^  were  determined.  In  order 
to  have  no  interference  from  pinholes  the  conductivity  was  determined 
parallel  to  the  o.uartz  substratum  on  which  15  interdigltized  gold  elec¬ 
trodes  with  a  spacing  of  0.1  mm  and  a  length  of  5  mm  were  deposited.  When 
the  applied  voltage  was  increased  from  zero  to  500  V  the  dark  current 
increased  to  1.2x10*^^  A  (8.3x10*®  Acm"^)  for  samples  covered  by  a  single 
monolayer  of  the  triphenylene  derivative.  For  a  slide  covered  by  15  mono- 
layers  dark  currents  between  1.2x10“^®  and  2.9x10*^®  A  (5.3x10*®  and 
1.3x10*  Acm*  )  were  obtained  at  500  V.  The  dark  currents  could  be 
compared  to  those  obtained  for  mixed  mono-  and  multilayers  of  a  copper 
phtalocyanines  and  stearyl  alcohol^^®^.  Upon  illumination  with  a  light 
flux  of  1.0x10  W  at  350  nm  the  photo-current  amounts  to  5.9x10  A 
(5.5x10*®  Acm*^)  at  an  applied  field  strength  of  5.0x10^  Vem*^  for  a 

g 

single  monolayer.  For  fifteen  monolayers  photo-currents  between  6.6x10*  A 

g  1  3  7 

and  6.6x10*  A  were  (2.1x10  and  2.0x10  Acm  )  obtained  under  those  ex¬ 
perimental  conditions.  The  photo  current  responds  with  a  relaxation  time 
of  60115  s  to  a  variation  of  the  light  intensity. 

The  dark  current  obtained  for  a  slide  covered  by  fifteen  monolayers 
of  1/1  mixture  of  the  hexa-alkoxytriphenylene  oligomer  and  trl- 
nltrofluorenone  was  of  the  same  magnitude  as  that  obtained  in  the  absence 
of  trlnltrofluorenonc. 
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Figure  1.  The  monolayer  aaaembly  used  for  the  photo-aenaitlzed  injection 
of  holes  in  anthracene  single  crystals. 


R-.  CII2CM2CII2CH2CII3 


Figure  2;  The  huilding  block  of  the  dlscotic  liquid  crystnlllne  polymer 
and  a  acheinallc  i eprcsontotlon  of  the  Langmulr-Hlodgett  film. 
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I'or  Lite  tiilxud  iiiulLilnycr  no  iiIiuIo-cui'L'lmiL  could  bu  obtained. 
Introduction  oC  Lrinitroiiuoicnonc  quenched  the  i iuoresccncc  by  90  Z 
without  changing  the  features  of  he  emission  spectra.  This  could  indicate 
that  partial  demixing  occurs  and  that  all  residual  fluorescence  comes  from 
ports  of  the  multilayer  containing  no  trinitrofluorcnunc.' 
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1.  Inlroducliun 

In  previous  studicsl  1 ,2]  we  considered  the  time-resolved  resonance  kainan  O'kkk)  s|x:ctra  of  1 ,3,S- 
hcxatricnc  (ilT)  in  its  lowest  excited  triplet  slate  in  order  to  obtain  inroitnalion  aliout  the  geometry 
of  die  T,  intermediate  iand  the  nicchanism  of  Uie  cis-tians  pliotoisomcri/.aliun  in  1',. 

In  the  present  paper  some  results  of  the  most  recent  experimental  and  Uicorclical  studies  arc 
presented,  and  the  present  picture  of  the  |X)tcntial  energy  surface  in  die  lowest  excited  T,  stale  of 
l,3,S-liexairictics  evolving  from  these  and  our  previous  investigations  is  summari/.ed.  A  more  detailed 
account  of  this  work  is  to  be  publishcd|3-S|. 

In  order  to  ublain  infonnalion  on  die  T,  state  of  IlT,  several  cxiieriincnlal  and  tlieoielical  mciliods 
arc  used: 

Tiitie-resulvvd  resonance  Kanian  spectroscopy:  Tlic  experimental  method  giving  the  most  detailed 
structunil  infonnalion  on  cciuilibrlum  geometries  in  die  excited  T,  state  is  1'KRK  s|)cctruscopy. 
Vibrational  frequencies  in  die  *!',  state  provide  characteristic  rmgcrpriiits  of  die  ci|uilibrium  geometry 
or  gconicirics  in  the  T,  state.  Tticreby,  detailed  structural  infonnalion  on  the  relative  minima  of  Uir 
potential  energy  surface  is  obtained.  Intensities  of  rcsonaiKC  Raman  bands  arc  dependent  on  die 
relative  populations  of  scattering  molecules  and  characteristic  of  die  changes  in  molecular  geometry 
occurring  upon  excitation  from  the  T,  to  die  T„  state  of  die  resonance  transition,  lienee,  infonnation 
not  only  on  the  T,,  but  also  the  T„  state  is  avaiiablc  fiom  die  spectra. 

By  variation  of  the  temperature  in  I  RkR  experiments  infonnalion  on  the  relative  populations 
among  different  minima  and  hence  on  the  relative  energy  of  different  minima  is  obtained. 

’I'lic  kinetics  of  equilibration  among  different  minima  on  die  T,  polciiiial  energy  surface  at  various 
temperatures,  as  revealed  by  'i'RRR  .s|)cctra,  allows  to  draw  conclusions  about  the  height  of  barriers 
separating  different  minima  from  each  oilier.  If  barriers  arc  sufnciciuly  small,  equilibration  occurs 
rapidly,  i.c.  within  the  lifetime  of  die  T,  slate;  if  drey  arc  large,  on  die  odicr  hand,  no  equilibration  will 
be  observed.  Equilibration  along  torsional  coordinates  around  lonnal  C^C  double  and  C-C  single 
bonds  can  be  studied  by  varying  the  ground  stale  configurations  and  conformations  of  the  III' 
derivatives  by  studying  different  isomers  and  rolamcrs. 

'I'lic  study  of  deuteriated  moiccuics  provides  a  mctuis  to  furdicr  supiiort  die  assignment  of 
vibrational  spectra. 

Timc-rc.sulved  absorption  .spcclroscopy; Time-resolved  ab.soqtlion  .s]x:ciroscoj)y  allows  to  dctcnninc 
triplel-lriplci  absorption  spectra  and  kinetics  of  triplet  state  fomiation  and  decay.  In  particular,  T,  -> 
1'„  absorption  spectra  arc  iiiqiortani  for  :m  assignmciu  of  the  T,  state  active  in  die  rc.sonance  transition, 
which  is  nccc.ssary  to  calculate  1'RRR  inicisitics.  Kinetics  ot  triplet  decay  tis  a  function  uf  tcm|)crature 
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yiulil  activation  energies  and  rrcqucncy  factors  of  Arrtieniiis  plots  and  arc  intcr|)rctcd  in  terms  of 
torsional  barriers  on  tlic  T,  potential  energy  surface.  11ic  mcasuiemcni  of  rate  constants  of  triplet 
energy  transfer  using  I  IT  as  either  donor  or  acceptor  yields  information  on  energies  of  vertical  tind 
relaxed  triplet  states  of  I  IT. 

I’holoslalionary  triplet  state  photochemistry:  Tlie  measurement  of  plwtostatlonary  states  and 
quantum  yields  of  photoisomerhation  by  sensitized  .stationary  pliotochcmislry  for  a  variety  of  donors 
and  acceptors  witli  different  triplet  energies  is  an  additional,  mom  indirect,  method  to  dctcnninc  triplet 
state  energies  and  minima  on  the  T,  potential  energy  surface. 

Theorclical  quantum  clicmical  cnlctilation.s:Tlic  understanding  oftlie  results  of  the  tilxivc  mentioned 
experimental  investigations  are  cmciaily  dependent  on  a  comparison  with  results  from  theoretical 
calculations.  Ttic  experimental  1'RRR  S|)cctra  were  interpreted  by  quantum  mcclianical  calculations 
(QCI'r/PI  and  CNDO/S)  of  equilibrium  geometries  and  vibrational  frequencies  at  the  trans  (E),  cis  (Z) 
and  centrally  twisted  (P)  geometries  in  T,  and  in  the  T„  state  responsible  for  the  TRRR  activity.  On 
the  basis  of  these  calculations  tlic  T,  normal  modes  showing  the  strongest  Pranck-Condon  ,'ictivity  in 
the  TRRR  spectra  can  be  identified  for  each  geometric  isomer  of  I  IT., 


2.  Results  and  Di.sciission 

The  observed  TRRR  spectra  for  utKub.stitutcd  IIT  arc  shown|l-3l  to  result  from  a  superposition  of 
the  spectra  of  the  Z  and  E  forms  with  po.ssibic  weak  contributions  from  tire  P  form.  It  was  concluded 
that  the  trensient  T,  intennediate  in  the  photoisomcrization  of  IIT,  monitored  by  TRRR  spectra,  exists 
as  an  equilibrium  between  several  geometric  structures,  in  which  planar  molecules  represent  a 
substantial  fraction,  and  Itial  a  po.ssiblc  minimum  of  the  potential  energy  curve  at  the  centrally  twisted 
geometry  must  be  rather  shallow.  An  example  of  experimental  .md  calculated  spectra  is  shown  in 
Figure  I  for3-d-IIT. 

In  this  p.ipcr  we  consider  the  combined  results  of  TRRR  spectra  and  decay  kinetics  of  die  T,  intcr- 
mcdititc  of  HT,  .some  of  its  dcutcriatcd  derivatives,  and  of  its  2,5'dimcdiyl-  (DMIIT),  2-mcthyl*  (2- 
Mirn,  and  3-mcthyl-  (3-MIIT)  derivatives.  IlicT,  TRRR  spccra  of  the  two  isomers  of  non-dcutcrialcd 
DMIIT  have  been  reixirtcd  previousIy[6I.  We  now  report  the  spectra  of  E-  and  Z-3,4-d,-DMnT  and 
of  E-3-d-DMI  IT together  witli  remca.sured  spectra  of  DMIlT-d,.  Furthermore,  re.sonancc  Raman  spectra 
of  E-2-MIIT,  E-4-d-2-mcdiyl-I,3,5-hcxatricnc  (E-4-d-2-MHT),  Z-2-mcthyl-l,3,5-hcxatricnc  (Z-2- 
MIIT),  E-3-mcthyI-I,3,5-hcxatricnc  (n-3-MIIT),  and  Z-3'mcthyl-l,3,5'hcxatricnc  (Z-3-MIIT)  in  the 
lowest  triplet  state  T,  arc  reported  and  di.scu.s.scd.  QCI1</IM  calculations  are  perfonned  to  dctcnninc 
energies  and  optimized  gcoinctrics  in  the  .S„,  T,,  and  T„  electronic  states.  For  each  T,  species,  T,  ->  T„ 
transitions,  vibrational  rrc(|iicncics,  and  RR  intensities  a:o  calculated  and  comptircd  witli  the  observed 
frc(|uciicics  and  intensities  (as  exemplined  in  Pig.l).  An  example  of  dctcrniiiiaiion  of  the  activation 
energy  of  the  decay  of  the  T,  state  is  siiown  in  I'ig.  3  lor  2-MI  IT  and  3-MHT. 

Finally,  in  I'ig.  4  the  (|ualiialivc  |xiicnlial  energy  .surfaces  in  the  T,  slate  of  the  methyl  substituted 
NT's  arc  .sliown,  resulting  fmm  dill'creni  pieces  of  infonnalion  ns  discussed  above.  It  can  lx:  .seen  lliat 
characicrislic  differences  arc  found  for  the  different  molecules.  Ilic  T,  polenii,il  energy  surface  of  3- 
Miri'  is  very  similar  to  llial  of  uresiibsiiimcd  IIT|I).  .Sicric  inlcraction  is  rcspoiisililc  for  the  higli 
energy  of  the  Z  isomers  of  DMI  IT.  'I’lic  barrier  along  the  torsional  coonlinaic  of  the  central  CC  Ixiiu' 
at  the  P  gcoiiiciry  is  .seen  to  vary,  lx:ing  0.7-0.8  Kcal/mol  for  HT,  cPl-DMIl'l'  and  3-MHT,  wliilc  2- 
MMT  shows  n  lower  barrier  of  0.4  kcal/iiiol  and  no  barrier  is  found  for  the  iPl  fonn  of  DMIIT. 
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Figure  1:  Calculaicd  and  cxpcrimcnial  T,  resonance  Raman  speclriim  of  3-d-irr. 


Figure  2:  Planar  gcomc- 
iries  of  DM!  IT,  2-MI  IT  and 
S-MllT. 


Figure  3:  Fiisl  oidcr  i.ilc  conslaiii  forT,  decay  lor2-Mlll’ 
(o|)cn  circles)  luid  3-MUT  (nilcd  circles). 
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FiBurc  4:  Poicmial  energy  curves  In  T,  for  DMIIT,  2-MnT  and  3-MIIT. 

References 

1.  n.Ncgri,  O.Orlandi,  A.M.Brouwcr,  F.W.Langkildc  and  R.Wilbrandt,  J.Chcm.Phys.  90,  5944-5963 
(1989) 

2.  R.Wilbrandi,  F.W.Langkildc,  A.M.Brouwcr,  F.Ncgri  and  G.Orlandi,  J.Mol.Simet.  2\Ji,  151-160 
(1990) 

3.  F.W.Langkildc,  R.Wilbrandt,  S.M0llcr,  A.M.Brouwcr,  F.Ncgri  and  G.Orlandi,  J.  Pliys.  Circin.  95 
(1991)  (in  press) 

4.  F.Ncgri,  G.Orlandi,  A.M.Brouwcr,  F.W.Langkildc,  S.Mpllcr  and  R.Wilbrandi,  J.  Phys.  Qicm.  25 
(1991)  (ip  press) 

5.  F.W.Langkildc,  R.Wilbrandi,  A.M.Brouwcr,  I I.J.C. Jacobs,  F.Ncgri  and  G.Orlandi,  "Sicric  control  of 
excited  state  molecular  structure.  Resonance  Ram.m  and  absorption  spectroscopy  of  2-niclhyl-  and  3- 
mctliyl-l,3,5-licxairicnc  in  lire  T,  stale"  (submitted) 

6. F.W.Langkildc,  N.-ll.Jcnscn,  R.Wilbrandi,  A.M.Brouwcr  and  ll.J.C.Jacobs,  J.Pliys.Chem.  2i.  1029 
(1987) 


0-87 


FEMTOSECOND  ELECTRON  TRANSFER  IN  THE  ELECTRON  DONATING 
SOLVENT;  A  NEW  TYPE  OF  ELECTRON  TRANSFER 

Keitaro  Yoshihara .  Tohru  Kobayashi,  Voshihiro  Takagi, 

Uidcki  Kandori,  and  Klaus  Kemnitz 

Institute  for  Molecular  Science,  Hyodaiji,  Okazaki  'I'l'l  (Japan) 


Introduction 

Studies  on  photo-induced  intermolecular  electron  transfer 
reaction  are  usually  carried  out  in  solutions  of  electron 
donor  and  acceptor  in  non-reactive  solvent,  in  which  the  rate 
of  electron  transfer  is  limited  by  the  translational 
diffusion  rate.  To  obtain  direct  information  on  the  rate 
constant  of  fast  intermolecular  electron  transfer,  it  is  more 
favorable  to  perform  the  experiment  in  contact  systems  of 
electron  donor  and  acceptor,  in  order  to  eliminate  the 
limitation  by  translational  diffusion.  Two  kinds  of  contact 
systems  had  been  developed  previously:  i)  dyes  adsorbed  on  the 
surface  of  organic  single  crystals  [l]  and  ii)dyes  dissolved 
in  molten  aromatic  hydrocarbons  as  electron  donors  or 
acceptor  [2]. 

Here  we  report  the  ultrafast  fluorescence  quenching  of 
excited  dye  molecule  (nile  blue  A  perchlorate;  NB)  due  to 
photo-induced  intermolecular  electron  transfer  in  neat  aniline 
(AN)  and  N,N-dimethylanilino  (DMA),  acting  as  weakly  polar 
electron-donating  solvents.  The  present  contact  systems  are 
weakly  interacting  or  non-interacting  in  the  ground  state,  as 
is  manifest  in  unaltered  absorption  spectra,  and  are  thus 
distinct  from  the  studies  on  the  typical  charge-transfer 
complexes. 

In  the  present  work,  rate  constants  of  electron  transfer, 
which  is  up  to  50  times  faster  than  the  longitudinal  solvent 
relaxation  time,  are  discussed,  and  adiabatic  and  non- 
adiabatic  theories  are  applied  to  explain  the  phenomenon. 
Strong  contribution  in  weakly  polar  systems  by  ultrafast 
nuclear  reorientation  can  provide  ultrafast  pathways  for 
electron  transfer. 

Experimental 

A  homemade,  hybridly  mode-locked,  synchronously  pumped 
dye  laser,  coupled  with  a  cavity  damper  and  a  prism  pair  for 
dispersion  compensation,  produces  595  nm  pulses  of  0.3  ps  at 
15  kW  peak  power  and  a  repetition  rate  of  3.8  MHz.  The 
fluorescence  decay  of  ND  is  measured  at  the  magic  angle  by  a 
conventional  fluorescence  up-conversion  system,  using  a  DBO 
crystal,  as  shown  in  Fig.  1.  Ground-state  recovery  time  of 
NB/AN  (Fig. 2)  was  measured  by  a  subpicosecond  pump-probe 
apparatus. 
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Results 

The  fluorescence  decay  curve  of  NB/AN  and  NB/DMA  are  shown 
in  Fig.  la  and  b.  Using  the  auto-correlation  shape  of  the 
excitation  laser  pulse  as  an  instrument  response  function,  the 
decay  lifetime  can  be  obtained  by  an  ordinary  deconvolution 
procedure.  The  decay  curve  is  clearly  non-exponential  and  we 
tentatively  adopt  a  two-exponential  fitting  procedure, 
yielding  lifetimes  of  0.4  (56%)  and  2.5  (44%)  ps  for  AN  and 
0.1  (95%)  and  2.3  (5%)  ps  for  DMA,  with  the  lifetime  of  the 
slow  component  in  case  of  DMA  being  approximate  only.  Both 
of  the  lifetimes  are  very  much  shorter  than  that  obtained  in 
inert  solvent  (5.6  ns).  In  order  to  get  information  about 
potential  contribution  by  a  dynamic  Stokes  shift,  measurements 
of  fluorescence  decay  are  carried  our  at  different 
wavelengths  between  650  nm  and  817  nm.  At  the  shortest 
wavelength  (658  nm)  the  contribution  of  the  fast  component  is 
found  to  be  only  slightly  larger  (by  about  10%) ,  indicating 
that  the  effect  of  the  dynamic  stokes  shift  on  the 
fluorescence  decay  curve  is  small,  as  could  be  expected  from 
the  small  Stokes  shift  observed  in  the  steady-state  spectra. 

Fig.  2  shows  a  ground-state  recovery  of  NB/AN,  whose  time 
constant  is  2.8  ps.  In  the  present  cantact  system,  the  back- 
electron  transfer  also  occurs  very  rapidly  (within  2.8  ps) . 


I  t 
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Fig.  1.  Fluorescence  decay  curves  of  NB/AN  (a)  and  NB/DMA 
witli  a  convoluted  decay  curve.  Observation  wavelength  is 
690  nm.  Broken  lino  indicates  the  autocorrelation  of  laser. 
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Fig.  2.  Ground-state  re¬ 
covery  of  NB/AM  observed 
at  65S  nn.  Solid  line 
indicates  the  simulation 
with  a  recovery  time  of 
2.8  ps. 
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Discussion 

For  this  ultrafast  electron  transfer  reaction,  we  applied 
both  adiabatic  and  non-adiabatio  models. 

(1)  Adiabatic  Model.  The  solvent  reorientation 

energy,  Ag,  in  the  present  weakly  polar  systems  had  been 
estimated  to  be  0.3  eV  by  Marcus  theory  with  a  crrection  for 
non-spherical  molecules.  The  intramolecular  reorientation 
energy  is  obtained  as  ■  Shw  •  1.8  x  1400  cm~^  .■>  0.31  eV. 
Since  Aj^/Ag  M  1,  a  strong  contribution  to  the  totally  observed 
polarization  response  in  case  of  adiabatic  electron  transfer 
by  ultrafast  vibrational  nuclear  relaxation  can  be  expected, 
in  addition  to  solvent  relaxation,  limited  by  the  longitudinal 
relaxation  time.  Under  these  conditions,  according  to  Sumi 
and  Marcus  [3],  two  stages  of  the  electron  transfer  reaction, 
reflected  in  two  "average  survival  times",  and  r^,,  can  be 
discriminated.  In  the  first  stage  of  the  reaction,  ultrafast 
electron  transfer,  initiated  by  nuclear  motion,  occurs  on  a 
time  scale  of  in  the  ensemble  consisting  of  donor-acceptor 
pairs,  which  happens  to  be  surrounded  by  solvent  molecules  of 
proper  orientation  at  the  moment  of  electronic  excitation. 
All  the  remaining  donor-acceptor  pairs  will  have  to  wait  until 
the  solvent  polarization  assumes  a  suitable  configuration  for 
electron  transfer  to  occur,  thus  forming  a  second  ensemble, 
characterized  by  an  average  survival  time,  rj^,,  which  will  be 
close  the  longitudinal  relaxation  time,  r^.  For  an 
t  "intermediate  reaction  window",  Ai/Ag  ■  1,  at  ^G*/KS  ■  1  and 

"  5  ps,  we  obtain  0.10  ps  rj^  -  1.0  ps  with  the 

equilibrium  electron  transfer  rate  constant,  kg  >  2x10^^  s**^. 
This  is  in  good  agreement  with  the  present  tentative  two- 
exponential  analysis  with  lifetimes  r  «  0.1  ps  and  r  2.4  ps 
^  for  MB/DMA. 

;  We  estimated  *  5  ps  for  A  and  DMA,  in  analogy  to  other 

i  monosubstltuted  benzenes:  •*  4.2  ps  for  chlorobenzene,  5.7 

\  ps  for  benzonitrile,  and  7.4  ps  for  bromobenzene.  A 

comparison  of  the  above  longitudinal  relaxation  times  with  the 
present  fluorescence  decay  time  indicates  that  the  electron 
transfer  is  faster  than  the  solvent  relaxation  time  in  the 
present  case  by  approximately  50  tines. 
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Fig.  3.  Plot  of  rata  constant 
of  electron  transfer  vs.  energy 
gap  between  donor  and  acceptor. 
The  solid  line  is  a  fit  according 
to  a  quantum  mechanical  theory 
of  electron  transfer  (see  text) . 
AH  and  AM  depict  forward  and 
bacKward  electron  transfer, 
respectively.  The  inset  shows  an 
energy  level  diagram. 
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(2)  Mon-adiabatic  Model.  Figure  3  shows  a 

semilogarithmic  plot  of  rate  constant  of  electron  transfer 
against  froe-energy,  the  solid  line  is  a  best  fit  according 
to  Jortner's  quantum  mechanical  formula  [4]  for  the  medium 
temperature  range  (hw^  «  kT  «  hw)  of  non-adiabatlc  electron 
transfer,  with  coupling  strength  S  >»  1.8,  quantum  mode  hw  >■ 
1400  cm**^,  'electron  exchange  matrix  element  V  0.035  eV,  and 
solvent  reorientation  energy  Ag  «•  0.3  eV.  The  inset  in  Fig.  3 
shows  the  energy  levels  of  present  donor/acceptor  systems, 
obtained  from  the  application  of  non-adiabatio  theory. 

Conclusion 

Ultra fast  nonexponential  fluorescence  decays  ascribed  to 
intermolecular  electron  transfer  is  observed  for  nile  blue  in 
electron-donating  solvent  systems  with  a  femtosecond 
laser/fluorescence  up-conversion  system.  In  N,N- 
dlmethylaniline  the  decay  is  dominated  by  a  lifetime  as  short 
as  100  fs,  the  process  being  up  to  50  times  faster  than  the 
solvent  longitudinal  relaxation.  In  this  case  electron 
transfer  is  limited  only  by  ultrafast  nuclear  relaxation 
rather  than  by  solvent  reorientation  and  is  thought  to  occur 
in  a  diffusionless,  weakly  polar,  highly  polarizable  aromatic 
system.  Konadlabatic  theory  is  also  applied  with  physically 
reasonable  values  for  both  the  coupling  strength  and  electron 
exchange  matrix  element.  The  electron  backward  reaction  was 
also  studied  with  a  subpicosocond  laser  flash  photolysis 
system  and  the  energy  gap  law  was  examined. 
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TARGETING  OF  I’HOTOCHEMICAL  REACTIONS  TO  SPECIFIC  SEQUENCES 

IN  NUCLEIC  ACIDS 

Claude  HELENE 
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43,  rue  Cuvier,  75005  Paris 

R6sum4  :  Dcs  pholosensibilisateurs  varies  ont  4l£  lid  de  fai^on  covaicnte  h  dus 
oligonucldotides.  L'oligonucldotide  se  fixe  sdlectivement  sur  une  sequence 
compidmentaire  dans  un  aclde  nucldique  en  simple  hdllcc  ou  dans  le  grand 
sillon  de  la  double  hdllce  d'ADN  en  formant  localement  une  triple  hdlicc.  I’ar 
irradiation  des  complexes  formds,  des  rdactions  photosensibllisdes  (pontage 
covalent,  coupure,  photooxydation)  sont  Induites  dans  I'acide  nucldique  cibic  au 
niveau  de  la  sdquence  reconnue  par  I'oligonucldotide.  Lcs  propridtds  dcs 
conjugds  oligonucldotide-photoscnsibllisatcur  ouvrent  de  nouvclles  perspectives 
en  biologie  ntoldculaire  ct  celiulaire,  notamment  pour  le  contrOle  scleclif  du 
Texpression  dcs  gdnes. 

Nucleic  acids  play  a  central  role  in  all  living  cells ;  the  double  helix  of  ON  A 
contains  all  genetic  information  ;  transcription  of  DNA  into  messenger  RNAS 
followed  by  translation  of  mRNAs  into  proteins  arc  key  steps  in  gene  expressioit. 
Nucleic  acids  absorb  radiations  in  the  ultraviolet  range  (below  300  nm). 
Irradiation  of  nucleic  acids  induces  different  types  of  photochemical  reactions 
leading  to  the  formation  of  a  large  number  of  photoproducls  Photosensitizers 
have  been  used  cither  to  selectively  create  one  of  these  UV>induccd 
photoproducts  or  to  generate  new  photochemical  reactions  In  all  cases  there  is 
no  sequence  specificity  except  for  the  selectivity  of  the  photochemical  reaction 
itself  :  for  example,  UV*induced  pyrimidine  dimers  involve  cyclobulane  ring 
formation  between  adjacent  pyrimidine  bases  on  the  same  strand  of  double- 
stranded  DNA. 

In  order  to  target  specific  photochemical  reactions  to  defined  sequences  we 
have  designed  bifunctional  nucleic  acid  ligands  which  contain  an 
oligonucleotide,  which  recognizes  a  specific  sequence  on  either  single-stranded  or 
double-stranded  nucleic  acids,  and  a  photosensitizer,  which  induces 
photochemical  reactions  at  the  site  where  the  oligonucleotide  is  bound  These 
oligonuclcolidc-photosensitizcr  conjugates  can  be  used  as  tools  to  investigate 
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the  selectivity  of  oligonucleotide  binding,  as  artificial  nucleases  and  as  sequence- 
specific  gene  inhibitors. 

Photo-induced  cross-linking.  Azido  derivatives,  such  as  azidophcnacyl  ai\d 
azidoproflavine  proflavine  <51  and  porphyrins  have  been  covalently 
attached  to  either  end  of  short  oligonucleotides.  When  the  oligonucleotide  binds 
to  a  complementary  sequence  irradiation  in  the  UV  or  visible  range  induces 
covalent  linkage  between  the  photosensitizer  and  nucleic  acid  bases.  Some  of 
these  photo-adducts  weaken  the  glycosidic  bond  and  alkaline  treatment  leads  to 
cleavage  of  the  phosphodiester  backbone.  These  properties  were  used  to 
demonstrate  that  oligo-a-deoxynucleotides  synthetized  with  the  unnatural  a- 
anomers  of  nucleotide  units  bind  in  a  parallel  orientation  with  respect  to  their 
complementary  sequence  whereas  oligo-P-deoxynucleotides  synthetized  with  the 
natural  p-anomers  bind  in  an  antiparallel  orientation 

Homopyrimidine  oligonucleotides  can  bind  to  the  major  groove  of  double- 
helical  DNA  where  they  form  a  local  triple  helix.  Attachment  of  a 
photosensitizer  at  one  end  of  such  oligonucleotides  allowed  us  to  determine  the 
orientation  of  Ute  third  strand  in  triple  helices 

Psoralen  derivatives  can  form  two  adducts  with  thymine  bases  in  DNA. 
These  two  adducts  involve  cyclobutane  ring  formation  between  the  3,4  and  4',5' 
double  bonds  of  psoralen  and  the  5,6  double  bond  of  each  thyntine.  At  5*  TpA  3* 
sequences  this  two-photon  reaction  leads  to  a  cross-link  between  the  two  strands 
of  double-helical  DNA.  Using  a  psoralen  covalently  attached  to  an 
oligonucleotide  we  have  been  able  to  target  this  photochemical  reaction  to 
specific  sequences  of  the  DNA  double  helix,  as  a  result  of  triple  helix 
formation 

Photooxidation  of  nucleic  acid  bases.  Some  of  the  photosensitizers  described 
above  (proflavine,  porphyrins...)  generate  singlet  oxygen  upon  visible-light 
irradiation  Singlet  oxygen  reacts  with  nucleic  acid  bases,  especially  guanine. 
Despite  the  long  lifetime  of  singlet  oxygen  a  high  yield  of  oxidation  is  observed  at 
the  site  where  the  photosensitizer  is  bound.  Alkaline  treatment  induces  a 
cleavage  of  the  phosphodiester  backbone  at  the  level  of  the  photooxidized 
nucleotides. 

Photo-induced  cleavage  of  nucleic  acids.  Ullipticine  derivatives  have  been 
covalently  attached  to  the  5>  or  S'-end  of  oligonucleotides.  When  bound  to  a 
complementary  sequence  UV-irradiation  (X.>300  ttm)  induces  a  cleavage  of  the 
phosphodiester  backbone  at  the  site  where  cllipticinc  is  targeted  by 
oligonucleotide  binding  When  the  target  is  a  DNA  double  helix,  triple  helix 
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formation  leads  to  a  photo-induccd  cleavage  of  both  strands  of  DNA  <^1.  This  is 
the  first  description  of  a  8itc*specinc  photo-induced  artificial  nuclease. 
Conclusion.  Covalent  linkage  of  pholosensitizers  to  synthetic  oligonucleotides 
has  allowed  us  to  target  photochemical  reactions  to  specific  sequences  of  nucleic 
acids.  Doth  single-stranded  and  double-stranded  DNA  can  be  chosen  as  targets. 
Different  photochemical  reactions  can  be  induced  at  specific  sites  on  nucleic  acids. 
These  sequence-targeted  photocltemical  reactions  have  various  interests  ;  !)  they 
can  be  used  as  tools  to  investigate  the  nature  of  base-specific  photochemical 
reactions  or  to  obtain  information  on  the  local  structure  of  nucleic  acids  ;  ii) 
photo-induced  cleavage  at  specific  sites  opens  the  possibility  of  developing 
sequence-specific  artificial  nucleases ;  they  can  be  used  ,e.g.,  to  map  genes  on  long 
chromosomes  by  cleaving  at  a  limited  number  of  sites  with  appropriately  chosen 
target  sequences  ;  iii)  photochemical  modifications  of  DNA  in  living  cells  are 
recognized  by  repair  enzymes  which  either  correct  the  defect  or  introduce 
erroneous  bases  ;  therefore  site-directed  mutations  can  be  introduced  within  the 
DNA  of  living  cells  by  oiigonucleotide-photosensitizer  conjugates  :  iv)  sequence- 
specific  modifications  of  nucleic  acid  bases  can  be  used  to  block  gene  expression 
either  at  the  transcriptional  or  translational  level  :  cross-linking  of  an 
oligonucleotide  to  a  single-stranded  mRNA  or  to  the  DNA  double  helix  is 
expected  to  arrest  mRNA  translation  or  DNA  transcription  and  replication.  The 
target  can  be  a  cellular  gene  ;  alternatively  a  viral  or  a  parasite  genome  can  be 
selected  as  a  target.  The  selectivity  of  oligonucleotide  binding  is  such  that  it  is 
possible  to  block  the  expression  of  a  single  gene  within  a  living  cell. 
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This  report  is  a  brief  review  of  main  results  on  two-quan¬ 
tum  photochemistry  of  nucleic  acid  components  (  NAC  )  in  water 
solution  obtained  in  the  Institute  of  Spectroscopy,  USSR  Acade¬ 
my  of  Sciences  during  last  twelve  years. 

The  first  experiments^**^  on  high-intensity  laser  UV  irra¬ 
diation  (I  -  10**^W/m^,  Ta  ■  29pa,  Ji  •  2&6nm  )  of  tlwmine  in  wa- 

r  >9 

ter  solution  (  c  ■  10  mol/dm^  )  have  demonstrated  that  at 
least  some  of  photoproducts  at  picosecond  UV  irradiation  are 
formed  by  two-quantum  (  two-step  }  mechanism  with  the  quantum 
yield  being  two  orders  of  magnitude  higher  than  the  total  quan¬ 
tum  yield  of  single-quantum  photoreaotions  of  tliymino  dimerisa- 
tion  end  hydration.  As  the  energy  of  two  light  quanta  with^  ■ 

■  266nm  is  much  higher  than  the  ionisation  limit  of  all  NAC  mo¬ 
lecules  5“6eV  after  sequential  two-quantum  absorption 

they  should  bo  effectively  ionised.  It  is  easy  to  show^^\  that 
under  picosecond  UV  irradiation  of  NAC  molecules  two-step  exci¬ 
tation  is  realized  via  singlet  ohaxmel  (  )  rather 

than  via  triplet  channel  (  ^N 

When  measuring  the  photoconductivity  of  neutral  NAC  aqueous 
solution  at  different  concentrations  under  picosecond  UV  iri'a- 
diation  we  discovered that  the  photocurrent  pulse  oscillogram 
at  sufficient  dilution  of  tho  irradiated  solution  (  c<1o“^mol/ 
/dm^  }  does  not  differ  from  the  photocurrent  pulse  oscillogram 
attained  at  high-intensity  picosecond  UV  irradiation  of  pure 
liquid  water.  From  this  it  is  follows  that  high-inlensity  pico¬ 
second  UV  irradiation  of  liquid  water  gives  rise  to  charged 
particles.  We  showed^^^  that  the  photoourrent  pulse  amplitude 
was  a  quadratic  function  of  irradiation  intensity.  The  amount 
;  of  absorbed  energy  was  squarely  dependent  on  intensity,  too. 

5  From  this  it  is  trnspires  that  the  two-photon  mechanism  is  ros- 

t 

fi 
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ponslble  for  tho  formation  of  photoourrent.  The  two-photon 
absorption  coefficient  of  pure  liquid  water  at  ^  ■  266nD  is 

Having  absorbed  two  light  quanta  with  Si  ■  266nm  a  water 
molecule  acquires  energy  of  9.3eV.  The  ionization  and  dissocia- 
.tion  limits  of  liquid  water  (  ■  6.50V,  ■  5eV  in 

this  case  are  considerably  exceeded  which  should  lead  to  ioni¬ 
zation  and  dissociation  of  water  molecules.  Using  the  method 
of  picosecond  flash  photolysis  we  proved  the  effect  of  two-pho- 
ton  water  ionisation  under  high-intensity  UV  laser  excitation 
(  I  •  5*'J0**^W/m^,  -  29ps,  Si  ■  2^nm  The  passage  of  an 

exciting  laser  UV  pulse  through  a  0.2cm  layer  of  water  was 
found  to  induce  an  absorption  band  with  a  maximum  in  the  red 
region  near  J)  -  720nm,  which  coincided  well  in  shape  with  the 
literature  spectrum  of  hydrated  electron.  The  quantum  yield  of 
formation  which  corresponded  to  the  quantum  yield  of  two- 
-photon  ionisation  at  SI  •  266nm  was  0.I5  -  0.02^^^.  The  quantum 
yield  of  two-photon  woter  dissociation  at^  ■  266nm  was  0.I3  * 
i  0.07^^K 

We  proved  the  participation  of  two-photon  water  photolysis 
products  in  the  decomposition  of  NAC  molecules  in  aqueous  solu¬ 
tion  under  picosecond  laser  UV  irradiation  (  ^  ■  266nm,  X  > 

■  6»1o'^^W/m^,  m  29pa  The  experiment  involved  tt^ine 

solutions  with  different  concentrations  (  from  10“^  to 
mo  l/dm^  )  but  with  tho  same  optical  density  (  D  ••  1.6  ),  i.e. 
tho  some  number  of  thymine  molecules  wos  irradiated  in  each 
case,  the  number  of  water  molecules  varying.  If  water  had  not 
absorbed  UV  radiation  energy,  tho  photolysis  quantum  yield 
would  have  been  independent  of  tliymine  solution  concentration. 
On  the  other  hand,  if  water  had  nbsoj'bod  nomo  incident  energy 
of  t)V  radiation  with  water  photolyaln  pi’oductn  not  porticipn- 
ting  in  thymine  decomposition,  the  quantum  yield  would  have 
decreased  with  concentration.  Tho  increase  in  photolysis  quan¬ 
tum  yield  observed  ns  tho  concentration  of  solution  was  de- 
creosed,  indicates  unambiguously  that  the  products  of  two-pho- 
ton  water  photolysis  take  part  in  thymine  photodecoraposition 
iindoi*  pioonocond  laser  UV  irradiation. 

After  that  wo  i  nvostigated^^^  primary  photoprocessos  from 


0-97 


JiiChly-cxcitad  levels  of  tiiymine  noleoulo  populated  by 
means  o!  two-quantum  (  two-step  )  absorption.  Simple  calcula¬ 
tions  show  that  when  using  sufrioiontly  concentrated  aqueous 
NAG  solution  (  c  «  10”^mol/dm^  )  the  incident  energy  of  pico¬ 
second  UV  laser  pulse  is  absorbed  principally  by  solute  mole¬ 
cules  and  therefore  the  effect  of  two-photon  water  photolysis 
can  be  excluded.  Mavertheless  it  was  demonstrated  that  oven  in 
this  case  water  radicals  formed  again,  but  by  another  mechanism 
namely  by  intermolecular  energy  transfer  from  highly-excited 
levels  of  thymine  molecule  to  water  with  its  subsequent 
ionisation  and  dissociation.  The  probability  of  such  energy 
transfer  for  thymine  molecule  is  about  6.^^,  whereas  the  pro¬ 
bability  of  thymine  ionisation  fbom  levels  measured  after 
geminate  recombination  is  about  0.7^.  The  geminate  recombina¬ 
tion  time  for  Thy^  -  e"  pair  is  4  -  2p8. 

It  was  shown'  *  that  in  concentrated  tl^ymine  aqueous  solu¬ 
tion  most  of  products  formed  under  picosecond  UV  irradiation 
are  due  to  chemical  reactions  between  water  radicals  and  unex¬ 
cited  solute  molecules.  It  is  clear  that  in  the  case  of  pico¬ 
second  UV  photolysis  of  a  diluted  thymine  aqueous  solution  when 
the  laser  radiation  is  absorbed  directly  by  the  water  molecules 
via  two-photon  mechanism  the  photolysis  quontum  yield  should 
increase.  In  the  experiment'^ ^  we  observed  ^-fold  increase  of 
photolysis  quantum  yield  when  changing  concentration  from 
to  5*10“^mol/dm^, 

Using  the  method  of  thin-loyer  two-dimensional  chromato¬ 
graphy  we  managed  to  compare  the  products  of  and 

picosecond  laser  UV  photolysis  of  thymine  both  in  concentrated 
and  diluted  aqueous  solution^^^  Despite  a  qualitative  diffe¬ 
rence  between  the  mechanisms  of  two-quantum  laser  UV  photolysis 
and  y  -radiolysis  in  all  the  cases  the  products  formed  wore  al¬ 
most  the  same.  This  fact  supports  the  dominant  role  of  water 
radicals  in  the  formation  of  the  products  of  two-quantum  laser 
UV  photolysis  of  NAG  molecules  in  aqueous  solution. 

Using  IIPLC  method  we  isolated  and  identified^^^  6  main 
products  of  picosecond  UV  photolysis  ( ^  ■  266nm,  25p8,  I  - 

«  -  lo'’\/m^  )  of  uridine  in  water  solution:  four  single- 

-qunntum  products  -  two  hydrates  and  two  dimers,  and  two  two- 
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-quantuia  products,  inoludlna  uracil  fotned  as  a  result  of  V- 
-glyoosldlc  bond  scission.  The  experiments  showed  that  with 
the  increasing  UV  irradiation  intensity  the  quantum  yields  of 
two-quantum  products  grew  while  those  of  single-quantum  drop¬ 
ped. 

Now  we  started  experiments  on  two-quantum  photochemistry 
of  amino  aoids^^^. 
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'I'ltc  pliotooxidunt  clicinistiy  plays  a  key  role  in  understanding  all  oxidation  procc.ssc$  in  the 
natural  us  well  ns  the  polluted  atmosphere.  During  recent  years  great  progress  cun  be  seen 
in  the  determination  of  kinetic  parameters  which  form  the  data  base  for  the  model  descripti¬ 
on  of  the  oxidation  processes.  Typical  oxidant  components  are  H2O21  hydroperoxides, 
alcohols  and  organic  acids  in  the  regions  of  low  NO^  concentrations  and  ozone,  peroxyni- 
traies,  aldehydes,  ketones  and  nitric  acid  in  regions  of  high  NO,^  concentrations.  The  type 
and  rate  of  oxidant  formtttion  depends  critically  on  the  1R001/{N0,(]  concentration  ratio, 
ROG:  Reactive  Organic  Gases.  During  nighttime  the  reactions  of  NO3  initiate  a  signiricant 
production  of  alkoxy-  and  peroxy-typo  radicals  eventually  Icaditig  to  organic  niimtcs. 
Further  reactions  of  NO3  with  peroxy  radicals  produce  Oil  radicals  which  initiate  an  oxi¬ 
dation  chain  similar  to  that  during  daytime.  During  daytime  the  radical  chain, 

NO,  0,  NO, 

on  -♦  RO,  -|-RO  -♦  aldehyde  +  HOj-f-  Oil 

NO  NO 

is  cltaracicristic  for  tlic  ROG  oxidation  processes.  Gvery  NO  which  is  oxidized  to  NO2  by 
RO2  and  IIO2  produce  an  ozone  molecule  in  sunlight. 

Today  also  biogenic  hydrocarbons  arc  considered  as  important  precursors  for  O3  fonmtion 
in  (he  presence  of  sufficient  NO^.  At  NOj^  concentrations  below  a  certain  limit  ROG  docs 
not  lead  to  ozone  production  but  to  its  destruction.  It  is  a  matter  of  speculation  whether  the 
global  tFO|K>sphcrc  is  changing  more  to  the  side  of  ozone  destruction  with  lower  Oi  l  con- 
ccntratioits  or  to  production  with  higher  background  ozone,  the  situation  is  probably  deve¬ 
loping  differently  the  two  hemispheres. 

tiQ3  l^tlivitLRcitciigns 

It  is  now  evident  that  the  NO3  radical  plays  an  imiwrinnt  role  in  the  nighttime  chcmistiy  of 
the  troposphere.  Volatile  organic  compounds  are  oxidized  at  night  leading  to  alkoxy  and 
peroxy  radical  fomiation  together  with  a  variety  of  oxidized  products  includiitg  carbonyl 
compounds,  pcroxyacyl  and  alkyl  nitrates.  Reaction  of  peroxy  radicals  with  NO3  provides 
a  source  of  Oil  radicals  thus  accelerating  the  nighttime  oxidation  of  organics.  Nitrates  for¬ 
med  in  the  oxidation  of  organics  can  act  as  temporary  reservoirs  of  NO;^  and  are  imitortant 
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ill  long-range  ininsporl  processes.  Nitrate  radicals  provide  the  only  source  of  nitric  acid  for¬ 
mation  under  nighttime  conditions  either  directly  by  1 1  atom  abstraction  from  organic  com¬ 
pounds  or  via  hydrolysis  of  N2O5  fonned  in  the  reaction  NO3  +  NO2. 

llCilglioi15.Pf.Qll  Ri«ru:ill!i 

Due  to  their  high  reactivity  and  concenU'ntion  levels  01 1  radicals  are  the  dominant  oxidants 
of  volatile  organic  compounds  in  the  daytime  troposphere,  'fliis  applies  to  all  saturated  hy¬ 
drocarbons,  to  aromatics  and  to  most  alkcnes.  For  partially  oxidized  iiydrocarbons  such  us 
ketones,  as  well  as  for  nitrates  and  nitrites,  which  have  appreciable  absorptions  in  the  acti¬ 
nic  spectral  region,  photolytic  degradation  may  dumiiiate  the  rate  of  removal  of  these  com¬ 
pounds  in  the  troposphere. 

'I'lic  data  base  of  OH  reaction  rate  constants  and  hence  for  estimating  lifetimes  of  ROG  with 
primary  degradation  mcchtuiisms  by  OH  radical  reactions  is  generally  well  established. 
However,  signiricanl  gaps  remain  in  the  understanding  of  how  the  OH  initiated  ROG  oxi¬ 
dation  chain  innuciices  the  net  NO  to  NO2  conversion,  and  hence  the  O3  formation,  as  well 
as  the  storage  and  transport  of  NO^  via  the  fonnation  of  organic  NOy  species.  Whereas  for 
alkanes  and  alkencs  tliis  iiironnntion  is  slowly  forthcoming  by  detailed  mcciianistic  studies 
of  the  products  of  the  Oil  initiated  oxidation  chains,  substantial  gaps  still  remain  in  the  oxi¬ 
dation  of  arotiiiitics.  For  these  compounds  essentially  no  studies  litive  us  yet  been  pcrfomicd 
on  the  reactions  of  any  of  the  expected  oxidation  iiitcnncdit.tcs. 

RcaciLotts  of  PeroxvJ^itdicitls 

Orgiiiiic  peroxy  radicals  arc  well  known  key  intermediates  in  the  atmospheric  oxidation  of 
organic  compounds.  Their  reactions  with  NO  and  NO  3  arc  propagating  steps  in  the  oxi¬ 
dation  chains  of  hydrocarbons,  while  reactions  with  NO2. 1 IO2  and,  in  hydrocarbon  ricli 
remote  atmospheres,  with  other  peroxy  radicals,  are  generally  terminating  steps  which 
greatly  influence  the  ozone  budget  in  the  troposphere.  Reside  ozone,  peroxy  radical  reac¬ 
tions  also  produce  alcohols,  akleliydcs,  organic  acids,  organic  nitrtites  and  reservoir  species 
such  as  hydro|icroxidcs  or  peroxynitrates. 

Given  the  importance  of  peroxy  radicals,  a  large  Uxly  of  research  has  been  devoted  to  the 
studies  of  their  kinetics  and  mechani.sms  in  recent  years;  this  has  resulted  in  important  ad¬ 
vances  in  our  understanding  of  the  role  of  these  reactions  in  tropospheric  chemistry.  The 
principal  results  concern;  (i)  the  development  of  powerful  tcchniqitcs  for  the  investigation 
of  peroxy  radicals,  (ii)  the  determination  of  UV  spectra  and  ab.solutc  ab.soiption  crotts  secti¬ 
ons  for  several  species  and  (iii)  the  investigation  of  the  kinetics  and  mechanisms  (reaction 
products  and  branching  ratios)  for  self  and  cro.s.s  reactions  of  peroxy  radicals  and  for  their 
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reactions  with  the  nitroijca  oxides  NO,  NO2  and  NO3.  Reliable  data  arc  now  available  for 
the  simple  radicals  and  the  investigations  are  being  extended  to  more  complex  species  witli 
the  expectation  of  a  general  understanding  of  the  reactivity  of  peroxy  radicals. 

Reactions  of  RO  Radicals 

Reactions  of  nlkoxy  radicals,  RO,  represent  .s|)ccial  eases  in  the  oxidation  chain  of  hydro¬ 
carbons  in  that  they  determine  the  nature  of  the  stable  products.  Sliort  chain  RO  radicals 
(<  C4)  react  exclusively  with  O2  by  abstraction  of  the  a-Il  atom  to  form  aldehydes.  Larger 
RO  radicals  tend  to  be  thermally  instable  and  to  react  by  C-C  split  or  by  isomerization. 
Although  the  direct  interaction  of  RO  with  NOj^  is  apparently  unimportant,  the  reaction  be¬ 
havior  of  RO  has  important  consequences  for  the  NO/NO2  (conversion  and  hence  on  the 
ozone  fonnation.  The  reaction  of  short  chain  alkoxy  radicals  with  O2  leads  to  an  aldehyde 
and  MO2,  whereas  isomerization  and/or  C-C  bond  cleavage  of  loitger  chain  RO  radicals 
creates  furtlicr  alkyl  radicals  and  additional  NO  /  NO2  conversion. 

Absorption  Cross  Sections  and  Oiianttiin  Yields 

Photochemical  processes  play  a  critical  role  in  the  chemistry  of  the  atmosphere,  since  they 
control  the  production  of  reactive  radicals  during  daytime  which  initiate  chemical  transfor¬ 
mation  of  many  trace  compounds.  Photodissociation  of  atmospheric  species  occurs  by  ab¬ 
sorption  of  solar  ultraviolet  and  visible  radiation.  The  photochemical  processes  are  control¬ 
led  by  the  strength  and  shape  of  the  absorption  s])cctrum  and  by  the  quantum  yields  of  the 
various  product  channels.  Accurate  photolysis  parameters  are  needed  for  model  calculati¬ 
ons  of  primary  photochemical  transformation  processes  occurring  in  the  atmosphere. 

RgPCli.Pllii.0f.Q3 

Recent  work  on  the  ozonolysis  of  alkenes  has  shown  that  an  intermediate  of  the  primiu’y  re¬ 
action  step,  probably  the  biradical,  leads  directly  to  the  formation  of  hydrogen  peroxide  in 
the  jtrcscncc  of  water  vapor.  This  new  H2O2  souicc  seems  to  contribute  signincantly  to  the 
II2O2  built-up  in  forest  areas. 

In  a  short  overview  new  results  on  the  photooxidant  chemistry  will  be  discussed  and  their 
implications  in  the  atmospheric  environment  will  be  outlined. 
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The  tropospheric  chemistry  is  dominated  by  the  oxidation  processes  of  hydrocarbons, 
in  interaction  with  nitrogen  oxides.  The  result  of  this  chemistry  is  the  production  of  ozone 
and  other  oxidant  molecules  in  polluted  areas  while  organic  acids,  alcohols  and  other 
oxidized  molecules  are  produced  in  remote  areas.  Tlie  sources  of  hydrocarbons  are  organic 
fuels,  widely  userl  in  urban  and  industrial  zones  and  the  vegetation,  particularly  forests, 
which  produce  various  molecules  such  as  isoprene,  terpenes,  etc  ... 

Generally,  the  first  step  of  oxidation  of  any  hydrocarbon  is  hydrogen  abstraction  by 
OH  radicals,  or  addition  to  unsaturaled  compounds,  producing  an  alkyl  or  an  hydroxyalkyl 
radical  which  is  rapidly  converted  into  a  peroxy  radical  by  combination  with  oxygen  : 

OH  02 

RH - >R - >  R02  (1) 

The  type  of  products  that  result  from  the  oxidation  of  hydrocarbons  depends  mostly 
on  the  way  the  RO2  radicals  react.  In  the  presence  of  nitrogen  oxides,  the  main  process  is 
the  reaction  with  NO,  resulting  in  a  chain  reaction  producing  ozone  ; 

R02  +  N0-*R0  +  N02  (2) 

Tlic  photolysis  of  NO2  produces  O3  and  the  alkoxy  radical  RO  is  a  chain  carrier.  An 
important  termination  step  is  the  reaction  of  RO2  with  NO2,  forming  a  peroxynitrate ; 

RO2  +  NO2  +  M  :f±  RO2NO2  +  M  (3) 

The  kinetics  of  this  reaction  is  very  important  for  determining  the  yields  of  ozone, 
particularly  in  the  case  of  acylperoxy  radicals  RC(0)02,  which  form  peroxyacylnitrates 
(PAN's),  the  most  slabie  of  the  peroxynitrates.  These  compounds  are  well  known  oxidant 
molecules  in  the  atmosphere  and  contribute  to  the  transport  of  nitrogen  oxides  over  long 
distances. 

In  remote  atmospheres,  where  the  concentrations  of  nitrogen  oxides  are  very  low,  it 
has  been  shown  that  peroxy  radicals  accumulate,  since  they  have  a  general  low  reactivity 
and  that  they  can  react  with  themselves,  including  HO2,  forming  various  oxidized 
molecules ; 


RO2  +  HO2  ROOH  +  O2 

(4) 

RO2  +  RO2  ->2  RO  +  O2 

(5a) 

->  ROH  +  R'CHO  (or  ketone) 

(5b) 

5 
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When  R  is  ail  acyl  radical,  fornicd  from  an  aldcliydc,  similar  reactions  produce 
organic  acids  and  |)cracids.  Large  amounts  of  such  compounds  have  been  found  over 
tropical  forests. 

This  short  review  of  peroxy  radical  reactions  in  the  atmosphere  shows  that  the 
knowledge  of  the  kinetics  and  mechanisms  of  these  reactions  arc  essential  for  modelling  the 
aimosplicric  oxidation  of  hydrocarbons  and  consequently  the  formation  of  ozone  and  other 
oxidized  molecules.  In  this  pa|)cr,  we  present  an  overview  of  some  kinetic  and  mechanistic 
studies  that  we  have  performed  in  our  laboratory,  in  ccllaburation  with  other  laboratories  in 
Luropc,  mainly  the  Max  Planck  Institute  in  Mainz  >  Germany  (Moorlgat),  Murweit 
Laboratories  -  U.K  (Cox,  Hayman),  Ford  Motor  Cic  *  USA  (Wallington)  and  the 
University  of  Wuppertal  •  Germany  (Zabcl).  The  determination  of  reaction  mechanisms 
generally  needs  an  Invqtigation  of  reactions  over  a  wide  range  of  temperature  and  therefore 
we  have  extended  our  studies  from  atmospheric  temperatures  up  to  COO-700  K. 


All  reaction  kinetics  were  studied  by  flash  photolysis  and  UV  absorption  detection  of 
peroxy  radicals.  The  spectra  of  radicals  and  absolute  cross  sections  were  determined 
accurately  between  200  and  300  nm  for  each  radical,  so  that  complex  kinetics  could  be 
analysed  by  computer  simulation  of  decay  traces  recorded  at  several  wavelengths. 

Radicals  were  normally  generated  by  photolysis  of  molecular  chlorine,  which  forms 
chlorine  atoms,  in  the  presence  of  an  appropriate  precursor : 

Cl  +  CII4  — ->IIC1  +  CH3  CH3O2 

Cl  +  CH3OH  — ->  HCl  +  CU2OH - >  CH2O  +  HO2 

The  direct  photolysis  of  oxygen  producing  oxygen  atoms,  has  also  been  used  at  high 
temperatures. 


UOI  +  nOireacUons 


Reactions  of  RO2  radicals  with  HO2  arc  important,  due  to  the  fairly  high 
concentration  of  HO2  in  the  atmosphere.  In  addition  they  arc  generally  fast  and  arc 
therefore  important  terminating  reactions.  After  the  self  reaction  of  HO2,  now  well 
understood,  we  have  investigated  the  reactions  of  CU3O2  and  CH3C(0)02  in  detail. 

The  rate  constant  of  reaction  (6) 

CH3O2  +  HO2  -*■  CH3OOH  +  O2  (6) 

was  measured  from  248  to  718  K.  The  rate  constant  exhibits  a  fairly  strong  negative 
temperature  coefficient  which  can  be  describe  with  an  Arrhenius  expression  over  the  whole 
temperature  range : 
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k5/cm^molcculc'*s*'  =  (2.9  ±  0.3)  x  10"*^  cxp(860K/T)  (wilh  k298  “  5.2  x  10'*^) 

'ftiis  expression  reflects  a  rcactica  mechanism  involving  an  intermediate  stable 
complex.  No  change  in  (lie  mechanism  was  observed  at  high  temperature,  unlike  for  the  self 
reaction  of  IIO2,  for  wliich  a  direct  hydrogen  atom  transfer  takes  place  above  700  K. 

The  reaction  of  the  acetyl  peroxy  radical  CH3C(0)02  with  1102  was  shown  (0  be  an 
important  process  forming  organic  acids  and  peracids,  particularly  in  the  atmospheres  of 
tropical  forests. 

CH3C(0)02  +  IIO2  ->  Cn3C(0)001l  +  O2  (7a) 

-»CH3COOH  +  03  (7b) 

The  kinetics  and  branching  ratios  of  this  reaction  have  been  investigated  in  detail.  Tlie 
reaction  is  fast  :  k298  '=  1.4  x  10***  cm^molccule**s**  and  the  branching  ratio  forming 
ozone  equals  0.33  ±  O.OS.  This  channel  forming  ozone  seems  to  be  a  general  process  for 
acyl  peroxy  radicals,  since  it  was  shown  that  the  equivalent  reaction  of  the 
CH3Cll2C(0)02  radical  also  forms  ozone  with  a  similar  branching  ratio, 

A  few  other  cxcmples  show  that  ail  reactions  between  RO2  radicals  and  HO2  are  fast, 
around  10'**  cm^molecule'*s**  and  that  the  main  product  is  the  hydroperoxide,  thus 
confirming  the  important  terminating  role  of  these  reactions  in  atmospheric  chemistry. 

HQzJrJiQzrtaetiai^ 


Since  RO2  radical  concentrations  in  the  atmosphere  arc  generally  lower  than  those  of 
HO2,  reactions  of  this  type  arc  normally  less  important  than  reactions  of  RO2  with  HO2. 
They  can  play,  however,  a  significant  role  in  clean  atmosphere  containing  high 
concentrations  of  natural  hydrocarbons  and  they  arc  important  in  the  ignition  of 
hydrocarbon  combustion. 

Tlic  reaction  of  nicthyipcroxy  radicals  can  be  considered  as  the  model  for  (his  type  of 
reaction.  It  is  now  well  described  in  the  literature  ; 

CII3O2  +  CII3O2  ->201130  +  O2  (8a) 

->  0113011  I-  OII2O  +  O2  (8b) 

k8/cm^moleculc'*s**  =  (1.0  ±  O.I)  x  10'*^  exp  (420  Kfr)  (with  k298  =  4.0  x  10**^), 
from  248  to  700  K., 

The  important  point  is  (liat  the  terminating  molecular  channel  (8b)  is  (he  most 
important  at  atmospheric  temperatures  (75-80  %)  while  (he  propagating  channel  (8a)  is 
prcpondcrcnt  at  ignition  temperatures  (700-800  K).  This  behaviour  seems  general  for  other 
similar  reactions  of  primary  or  secondary  peroxy  radicals. 

Recent  results  will  he  presented  for  ncopcntyl  peroxy  and  cyclohcxyl  peroxy  radicals. 
In  the  last  case,  (he  reaction  is  very  slow,  confirming  the  presence  of  a  positive  activation 
energy  for  tlie  self  reactions  of  secondary  alkyl  peroxy  radicals.  It  will  also  be  shown  from 
lltcse  new  results,  how  our  kinetic  studies,  complemented  by  end-product  analysis,  can 
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bring  inlonnutiuii  un  lliu  way  the  cuncs|H>iuliiig  alkuxy  radicals  react  under  atinospheiic 
cunditions.  The  iieu])cntoxy  radical  readily  disstKiates  into  t-hutyt  radical  and  rurnialdehyde 
while  ring'U|K*ning  of  the  cycluhcxoxy  radical  conipetes  with  tcrrctioii  with  oxygen. 

If  primary  and  secondary  alkyl  t>cruxy  radicals  seem  to  react  in  a  similar  fashion  to 
the  model  self-reaction  of  CII3O2,  only  the  propagating  chaimcl  is  seen  to  occur  in  the  ease 
of  fully  halogenalcd  radicals.  Kinetic  studies  have  shown  that  this  is  the  case  for  CCI3O2 
and  CI’3CCl202  radicals. 


We  have  emphasized  above  that  these  reactions  arc  im|>uitant  terminating  reactions  in 
the  hydrocarbon  oxidation  chains  forming  ozone,  parlicidarly  in  the  ease  of  acyl  peroxy 
radicals.  A  complete  description  of  the  reaction  : 

Cll3C(0)02  +  NO2  I-  M  Cll3C(0)02N02  +  M  (9) 

has  been  |)crformcd  in  our  laboratory  fur  the  forward  reaction,  in  collaboration  with  Zabcl 
in  Wupitcrtal  -  Germany,  who  investigated  the  reverse  reaction.  Kate  constants,  cquilibriunt 
constants  and  Ihcrmuchcmical  data  have  been  obtained  over  wide  ranges  of  pressure  and 
tem|K:raturcs.  The  results  confirm  the  stability  of  PAN  (|Kroxyacctylnilralc)  and  show  that 
its  formation  is  faster  than  previously  evaluated.  Ttiis  makes  this  reaction  one  of  the  key 
reactions  to  which  modelling  of  the  ozone  formation  in  troitosphcre  is  very  sensitive. 
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ELIMINATION  OF  ORGANIC  MICROPOLLUTANTS 
BY  SEMICONDUCTOR-PHOTOSENSITIZED  'mBATOENT  OF  WATER 
Pierre  PIchat 


URA  au  CNRS  'Photocatalysc,  Catalyse  et  Envlronnement", 
Ecole  Centraie  de  Lyon.  BP  163,  69131  Ecully  Cddex  (Prance) 


Growing  concern  about  our  environment  and  a  greater  awareness  of 
the  risks  have  generated  and  will  generate  increasingly  tighter 
regulations.  Consequently,  not  only  the  Improvement  of  existing 
technologies,  but  also  the  discovery  and  tesUng  of  new  possibilities  are 
expected  from  the  scientists.  In  particular,  concerning  water  treatment, 
alternatives  to  the  existing  processes,  which  all  have  disadvantages  and 
cannot  solve  all  problems,  should  be  explored. 

Semiconductor-photosensitized  destruction  of  v/ater  mlcroorganic 
pollutants  has  recently  appeared  as  a  promising  prospectl^*^!.  It  Is  based 
on  the  production  of  strongly  oxidising  species  at  the  surface  of  the 
appropriately  illuminated  semiconductor  in  the  presence  of  dissolved 
dloxygen  (air)  and  liquid  water. 

Principle.  The  basic  phenomenon  is  the  optical  excitation  of  electrons 
from  the  valence  band  to  the  conduction  band  of  the  semiconductor. 

The  nature  of  the  resulting  chemical  species  is  still  debated.  It  Is 
generally  admitted  that  the  excited  electrons  are -captured  by  O2 
yielding  0^  species.  However,  the  cations  present  In  the  medium  can 

also  intervene.  The  superoxlde  ions  can  then  react  with  hydroxonlum 
ions  forming  HO2  radicals.In  principle  the  -valence  band  holes  can 

I 

interact  directly  with  the  organic  pollutant  or  they  can  readily  generate  ;i 

OH*  radicals  by  being  captured  by  surface /adsorbed  OH*  groups  or  | 

adsorbed  water  molecules.  In  fact,  these  latter  interactions  occur  within  | 

5 

a  few  picoseconds  so  that  it  seems  difllcult  to  discriminate  between  | 
reactions  Involving  trapped  holes  and  OH*  radlcalsl^l.  In  addition,  various  B 

oxidising  species  can  be  involved  at  dUTerent  stages  of  the  photocatalytic  | 

degradation  process. 


0- j.j.2 


Photocatalysts.  Various  powdered  semiconductor  oxide  samples  have 
been  examined  for  the  elimination  of  different  organic  pollutants  in 
several  research  groups.  As  expected,  the  effect  depends  not  only  on  the 
chemical  nature  of  the  semiconductor,  but  also  on  the  identity  of  the 
sample.  Until  now,  no  sample  of  a  semiconductor  oxide  has  been  found 
mere  active  than  certain  anatase  specimens.  Therefore,  current 
laboratotry  studies  employ  this  oxide  which,  in  addition,  is  non>toxic, 
stable  and  inexpensive.  For  laboratoiy  studies  the  particulate  form  is 
generally  preferred  :  colloids  are  also  used,  especially  for  the 
spectroscopic  techniques  that  cannot  be  employed  with  powders. 
Attempts  are  also  made  to  anchor  titanium  dioxide  on  an  immobile 
support  or  to  prepare  beads  in  order  to  avoid  ftltratlon(i*2l.  Further  work 
is  needed  to  determine  which  parameters  affect  the  efficiency  of  Ti02  : 
this  is  important  to  reduce  the  duration  of  the  water  treatment  and 
therefore  the  consumption  of  electrical  energy  which  is  the  dominant 
cost  according  to  simulations^). 

Pollutants.  The  photocatalytic  degradation  of  many  classes  of  organic 
chemicals  has  been  studied  either  in  great  detail  or  within  the 
framework  of  systematic  Investigations  based  on  one  feature  only,  such 
as  the  Initial  rate  of  the  pollutant  disappearance  or  the  initial  rate  of  CO2 
formation  or  the  time  required  for  the  total  elimination  of  the  pollutant. 
Both  aliphatic  and  aromatic  compounds  with  a  variety  of  substituents 
have  been  considered.  Complex  molecules  used  as  pesticides,  dyes  or 
surfactants  have  also  been  examlned(i>2).  The  results  show  that  all  the 
organic  micropollutants  are  destroyed.  Most  of  them  can  be  totally 
mineralized.  Atrazine  (substituted  triazine)  constitutes  the  only  reported 
exception  *,  this  herbicide  yields  trihydroxytriazlne  which  1$  innocuous 
and  very  stable  irrespective  of  the  oxidation  methodic). 

Some  features  of  the  TIO2  -  photosensitized  method  of  destroying 
organic  micropollutants  in  water  will  principally  be  Illustrated  in  this 
lecture  by  studies  carried  out  in  the  author’s  group!®)  and  dealing  with 
aromatics,  viz.  chlorophenols,  2,4  -  dichlorophenoxyacetlc  acid, 
benzamlde,  nitrobenzene  and  dimethoxybenzcncs. 

Comparison  with  direct  photolysis.  At  X  >  290  nm,  the  disappearance  of 
all  these  chemicals  is  much  faster  in  aerated  aqueous  TIO2  suspensions 
than  under  the  same  conditions  without  Ti02.  Furthermore,  the 
comparison  of  the  sums  of  the  maximum  concentrations  in  the  main 
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organic  Intermediates  also  indicates  that  direct  photolysis  is  much  less 
efficient  In  degrading  these  intermediates.  For  all  compounds  the  direct 
photolysis  is  insignificant  at  X  >  340  nm,  which  allows  a  clear 
discrimination  between  photocatalytlc  and  photochemical  processes  to 
be  made. 

Effects  of  various  factors.  The  initial  rate  of  monochlorophenol 
disappearance  as  a  function  of  the  initial  concentration  has  a 
Langmuirian  shape  and  similar  data  have  been  collected  for  a  number  of 
other  pollutants,  However  these  variations  can  also  be  accounted  by 
reaction  steps  that  do  not  involve  two  kinds  of  adsorbed  active  species. 
From  the  practical  viewpoint,  these  results  clearly  indicate  that  the 
photocatalytlc  degradation  is  not  Inhibited  by  high  pollutant 
concentration  provided  the  pollutants  do  not  absorb  too  much  the  UV> 
radiations  needed  to  activate  the  catalyst. 

This  also  show  that  quantum  yields  cannot  have  the  significance  they 
have  in  photochemistry,  since  not  only  it  is  difficult  to  make  allowance 
for  the  scattering  by  the  solid  particles,  but  also  the  values  depend  on 
the  pollutant  concentration.  At  X  •*  365  nm,  for  pollutant  concentrations 
close  to  0.15  mM  and  TlOa  Degussa  P-25,  quantum  yields  in  the  range 
5  X  10-3  to  5  X  10'2  were  derived  from  our  calculations  for  the 
abovementioned  molecules. 

The  nature  and  concentatlon  of  Ions  is  of  primary  importance  in 
water  decontamination.  For  Instance,  the  treatment  of  water  with  given 
bacteria  can  only  be  applied  in  a  narrow  pH  range  and  HCO3  ions  are 

detrimental  for  the  purification  by  O3  +  UV  as  they  quench  the  OH 
radicals.  In  the  case  of  monochlorophenols  and  nitrobenzene,  our 
results  have  shown  that  the  Initial  rate  of  phorocatalytic  elimination 
does  not  vary  much  from  pH  3.5  to  pH  10,  An  inhibiting  effect  of  Cl*  and 
SO^'  ions  has  been  observed  only  at  acidic  pH  (positively  charged  Ti02 

surface)  and  for  concentrations  much  higher  than  those  found  in  natural 
waters. 

Intermediates.  Degradation  pathways.  Primary  Intermediates  of  the 
photocatalytlc  degradation  of  all  the  aromatics  studied  correspond  to 
the  hydroxylatlon  of  the  aromatic  ring  with  or  without  the  removal  of 
the  substltucnt(s).  Their  maximum  concentration  were  quite  low  and 
they  generally  disappear  within  about  the  same  time  as  the  initial 
pollutant ;  the  only  exception  Is  that  of  2,4  -  dlchlorophenoxyacetic  acid 
because  of  the  ease  of  the  cleavage  between  the  aromatic  ring  and  the 
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aliphatic  chain.  Tlic  successive  degradations  were  substantiated  by 
experiments  dealing  with  the  degradation  of  some  of  these 
intermediates  under  the  same  conditions.  The  identification  and  the 
temporal  variations  of  the  intermediates  allow  one  to  propose 
degradation  pathways.  However  a  complete  scheme  Including  the 
aliphatic  intermediates  en  route  to  CO2  remain  to  be  determined  ;  very 
low  concentrations  make  the  analyses  quite  dilllcult. 

Mineralization.  For  all  types  of  chlorophenols  (and  for 
monochlorobenzenes  as  welUlO)  complete  dechlorination  was  achieved 
within  a  time  not  much  longer  titan  that  needed  for  dearomatization. 
Nitrate  ions  are  the  final  form  of  the  nitrogen  atoms  of  nitrobenzene  and 
benzamide  (or  formamide  as  well) :  however,  the  oxidation  of  the  amide 
function,  in  cases  where  it  might  be  required,  is  much  too  slow  to  be 
accomplished  entirely  be  photocatalysis 

Total  mineralization  to  CO2  can  be  attained  within  a  time  that 
obviously  depends  on  the  pollutant  for  a  given  concentration,  in 
particular  on  the  presence  of  heteroatoms  at  a  low  oxidation  state. 
However,  to  reach  this  stage  may  not  be  necessary  or  the  technique  may 
be  combined  with  another  treatment  to  bring  the  desired  result. 

The  method  is  currently  studied  at  the  pilot  plant  stage  in  several 
companies  (BNI,  Italy  ;  NUTECH.  Canada)  or  Institutions  (Sandia 
National  Labs.,  USA). 
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REACTION  OF  OH  WITH  a-PINENB  AND  jS-PINENB  IN  AIR  : 

ESTIMATE  OF  GLOBAL  CO  PRODUCTION  FROM 

THE  ATMOSPHERIC  OXIDATION  OF  TERPENES 

Nobuakl  Waahlda  and  Shiro  Hatakayama 

The  National  Institute  for  Environmental  Studies, 

16-2  0nogawa,T8ukuba,305  Japan 

Carbon  monoxide  (  CO  )  plays  a  major  role  in  controlling 
the  concentration  of  OH  radicals  in  the  atmosphere.  OH  radi¬ 
cals  are  known  to  be  the  most  Important  atmospheric  trace 
species  which  determine  the  lifetime  of  most  of  the  other 
atmospheric  trace  components.  Recently,  the  concentration  of 
methane  is  reported  to  increase  rapidly,  and  the  decrease  of 
the  concentration  of  OH  is  pointed  out  as  one  of  the  possible 
causes  for  this  phenomenon^ . 

The  Increase  of  CO  should  be  the  main  cause  of  the 
decrease  of  OH  radicals.  Thus  it  is  quite  Important  to  esti¬ 
mate  the  amount  of  global  emission  of  CO  into  the  atmosphere. 

Recently,  the  emission  rate  of  CO  from  the  oxidation  of 
natural  hydrocarbons  was  reported  to  be  250  Tg  C  yr“^  (  about 
24  X  of  total  CO' emission,  1  Tg  C  of  CO  corresponds  to  2.33  Tg 
CO  ) ,  which  is  comparable  to  that  from  the  oxidation  of  meth¬ 
ane  (  260  Tg  C  yr”^  ~26  X  )  and  larger  than  that  from  fossil 
fuel  combustion  (  190  Tg  C  yr”^,  ~10  X 

Monoterpene  are  among  the  most  important  natural  hydro¬ 
carbons,  and  their  atmospheric  reactions  play  an  essential 
part  in  the  global  carbon  cycle.  The  global  emission  rates  of 
terpenes  were  estimated  to  bo  175-830  Tg  yr"^^®),  which  exceed 
the  emission  rates  of  anthropogenic  hydrocarbons;  65-75  Tg 
yj.-l(4,5)  However,  only  very  limited  information  is  avail¬ 
able  so  far  on  the  formation  of  CO  from  the  photooxidation  of 
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terpenes.  Hanat  at  aatlmated  the  yield  of  CO  from  the 

oxidation  of  terpenea  be  uae  of  Cl  atoma  in  place  of  OH  radi- 
cala.  Recently,  we  reported^^^  the  eatimate  of  the  ultimate 
yield  of  CO  from  the  oxidation  of  terpenea  initiated  by  oaone, 
and  the  groaa  annual  emiaaion  of  CO  with  raapeot  to  the  ozone- 
terpene  reactiona  waa  eatimated  to  be  74  Tg  C  yr**^.  In  oreder 
to  obtain  a  more  complete  eatimate  of  CO  emiaaion  the  yield  of 
CO  from  the  oxidation  of  terpenea  initiated  by  OH  radicala  is 
needed,  alnce  terpenea  are  conaumed  by  both  the  ozone  and  the 
OH  reactiona  in  the  atmoaphere. 

In  the  work  reported  here  the  reactions  of  plnenes  with 
OH  radicals  were  investigated  to  obtain  the  yield  of  gaseous 
and  particulate  products  and  to  estimate  the  gross  annual 
production  of  CO  from  the  atmospheric  oxidation  of  terpenes 
initiated  by  OH  radicals. 

A  6-m^  chamber  was  used  for  the  analyses  of  gaseous 
products.  The  chamber  is  an  evaouable  and'bakable  one,  and 
its  inner  surface  is  coated  with  PFA.  The  solar  simulator  and 
the  end  windows  to  introduce  UV  light  were  modified  in  order 
to  utilize  shorter  wavelength  light  for  the  effective  photoly¬ 
sis  of  H2O2  as  a  N0](-free  source  of  OH  radicals. 

Reactants  and  products  were  mainly  analyzed  by  means  of 
long-path  Fourlor  transform  infrared  spectroscopy  (  FT-IR  } 
(  Block  Engineerlng-JASCO  International,  FTS-49eS;  path 
length;  221. 5ro,  resolution:  1  cm~^,  scan  tiroes:  64  or  128, 
~2.6  or  ~6  min,  respectively  )  utilizing  multireflection 
mirrors  installed  in  the  chamber. 

Two  types  of  experiments  were  done  in  this  chamber. 
First  experiments  were  made  to  elucidate  the  reaction  mecha¬ 
nism  in  the  presence  of  NO,^.  In  this  study,  photolysis  of 
CO3ONO  with  Pyrex  filters  was  used  as  a  source  of  OD  radicals. 
Initial  concentrations  of  plnenea  were  ~0.7ppm.  CD3ONO  was 
varied  from  0.6  to  2  ppm. 
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Second  experifflents  were  carried  out  to  check  the  effect 
of  NO^  on  the  yield  of  the  main  products  observed  in  the  first 
experiments.  Photolysis  of  11202  was  used  as  free  OH 

source.  Initial  concentrations  were  -'2.6  and  ~1  ppm  for  pi- 
nenes  and  -<8  and  '^18  ppm  for  M202* 

Major  process  of  the  reaction  of  OH-t-a -pinene  is  shown  in 
Scheme  I.  In  the  presence  of  NO  the  main  product  was  pinon- 
aldehyde  and  6 , 8-difflethyl-bicyoloC3 . 1 . 1]  heptan-2-one  from  a- 
and  ^-pinene,  respectively,  and  the  yield  was  58i4  and  78±8  X, 
respectivel,y.  In  the  absence  of  NO  the  yield  was  remarkably 
lower,  and  the  yield  of  organic  aerosols  was  enhanced.  For  a- 
pinene  6613  %  was  obtained  as  a  yield  of  aerosols  on  the 
carbon  number  basis.  Gross  annual  emission  of  CO  from  the 
reactions  of  OH  with  terpenes  was  estimated  to  be  22  Tg  C  yr~^ 
(  SO  Tg  CO  yr**^  )  by  regarding  a-pinene  as  the  representative 
of  terpenes,  on  the  basis  of  the  annual  emission  rats  of 
terpenes,  estimated  lifetime  of  plnenes  in  the  atmosphere,  the 
apparent  rate  constant  for  the  intermediate  to  form  CO,  and 
the  estimated  yield  of  CO  from  the  secondary  oxidation  of 
pinonaldehydo.  The  ultimate  yield  of  CO  from  the  tropospheric 
oxidation  of  terpenes  (  including  both  ozone  and  OH  reactions 
)  was  estimated  to  be  20  X  on  the  carbon  number  basis,  and  the 
total  annual  emission  of  CO  was  evaluated  to  be  06  Tg  C  yr~^ 
(  222  Tg  CO  yr~^  ). 

(1)  A.N.  Thompson,  and  R.J.  Cicerone 
J.Qeoptiys.Res.  .  01.  10,  853-10,  864,  1086. 

(2)  World  Heterologlcal  Organization, Atmospheric  ozone  1085 
:Assesment  of  our  understanding  of  the  process  controlling 

its  present  distribution  and  change 
Ren. 18. n. 100-100 .Global  Ozone  Res. 
and  Monit.Proj . , Geneva, Switz. , 1006 
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(3)  P.1^2immorman..tt.U.ChatClold,J.rial..nu.^l\J.CruUo». 

and  P . L . liana t,GaflCllXB.8gg.lgtti.A.B . 070-002 , 1070 . 

(6)  u;  .»nlilnP""i  Pliro  APUl.gOQBllYfl.*  304,1070. 
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SYNCHROTRON  RADIATION  AT  LURE  •  APPLICATIONS  TO  CHEMISTRY 

IrAne  Nenner 

LURE,  laboratolre  nlxte  CNRS.CBA  et  HEN,  UnlvardeS  da  Par'.a-sud  91A0S 
Oraay  eedex,  France 

and 

Ddparcemanc  da  Recherche  aur  I'Ecat  Condenad,  lea  Atomea  ee  lea  Holdeulea, 
Service  dea  Phocona,  AComea  eC  Noldculea,  Centra  d'Ecudea  Nueldalraa  da 
Saclay,  91191  Clf  aur  Yvette  cedex,  France 


Rdaumi  t  Lea  applleatlona  ddveloppiea  i  LURE,  an  phetoehlmla  an  phaae 
gatauae,  grlce  au  rayonnafflanc  aynchrotron  dana  I'ultra-vlolet  lointaln  at 
lea  rayont  X  moua,  aont  patadea  an  revue.  On  montrera  I’lnterdt  d'une 
aource  aeeordable  dana  I'UV  aoua*vlde  (E<2S  eV)  et  pulade  pour  I'dtude  de 
la  dynamlque  de  fragnentatlen  d'tona  et  dea  rdaettona  lon>a)oldeulea,  avee 
dea  Iona  dana  dea  dtata  adleeclonnda.  On  nontrera  aural  I'lnterdt 
d'uelllaer  dea  phocona  de  plua  haute  dnergle  (E  de  30  d  $00  eV  et  plua)  an 
y  aaaoclcnt  dea  mdthodaa  de  ddtaccion  an  multleolneldcneea  dleetron>lona, 
pour  I'dtude  de  le  nulclfragnentacton  d'lona  poaltlfa  mulclehargda  et 
explorer  let  aapeeta  adlectifa  de  le  fragmentation  attendua  aprdt 
excitation  de  la  moldcule  an  eouche  Interne.  Enfln,  le  ddveloppemenc 
d'expdrlencea  aaaoclant  un  later  vlalble  et  le  cayonnement  ultra-violet 
lointaln,  d  la  apeetrotcople  photodleecronlque  tara  dvoqud  dana  le  eontexce 
de  I'dtude  d’"dcac  d  dcae"  de  la  photodlaaoelatlon  moldeulalre.  Lea  autrea 
i>;clvlcdt  de  photochlmla  an  phaae  condenade  et  dana  let  agrdgata  llbrea 
seront  brldvement  mentlonndea  alntl  qua  lea  perapeetlvea  de  ddveloppement 
d'autrea  thdnea,  grdce  au  doiaalna  Infra-rouge  lointaln  du  rayonnemenc 
aynchrotron  et  au  later  d  dleccrona  llbrea  duna  I'lR. 


AC  the  LURE  laboratory,  the  French  Synchrotron  Radiation  Facility, 
two  storage  rlnga  Super  ACO  and  DCI  operated  reapectlvely.  with  0.8  and  1,82 
CeV  poslcrona,  are  dedlcoced  to  the  use  of  synchrotron  radiation  In  a  wide 
wavelength  range,  continuously  from  the  near  ultra-violet  to  the  X-ray 
range.  Photochemistry  applications  are  estentlally  concentrated  around 
Super  ACO,  who  hos  been  especially  built  for  synchrotron  use  (unlike  DCI) 


0-120 

and  Is  avollablo  foe  users  since  1987.- 

The  Inceretc  of  synchrotron  radiation  Is  evidently  the  tuneblllty 
In  0  range  hardly  accessible  to  lasers,  l.e.  far  UV  and  soft  X  ray  range. 
In  molecular  photochemistry.  It  Is  the  domain  of  electronic  excitation  end 
Ionization.  Up  to  30  eV  typically,  single  Ionization  of  valence  electrons 
Is  energetically  accessible  and  special  aspects  of  Ion  chemistry  and 
photodlssoclatlon  can  be  studied  ;  At  higher  energy,  double  and  multiple 
valence  Ionization  channels  ere  open  as  veil  as  core  Ionization  ones  end  It 
Is  the  domain  of  high  energy  photochemistry  which  has  developed  only  around 
SR  centers.  The  following  examples,  chosen  among  recent  works,  will  be 
reviewed. 

Jon  dissoeJscJion  and  Jon-noloculo  reactions  studied  with  se^ce 
selaeted  Ions 

The  selection  of  a  vlbronlc  state  of  a  singly  charged  Ion  Is  made 
by  tuning  the  photon  energy  at  a  selected  wavelength  end  by  detecting 
(near)  zero  kinetic  energy  photoelectron,  teklng  edventege  of  the  pulsed 
character  of  synchrotron  radiation.  Fregmenteclon  of  such  sceee»eeleottd 
lone  end  lon>molecule  reactions  ere  performed  In  detecting  the  fragment 
products  with  threshold  electron  •  ion  coincidence  techniques.  Examples  of 
statlstlcel  end  non  statistical  processes  ere  the  dissociation  of  Cll^  end 
CHjOCDj  Ions.  lon*molecule  reactions  realized  with  state  selected  Nj  end  Oj 
will  show  how  the  cross  section  depends  upon  the  internal  energy  of  the  ion 
(electronic,  vibrational  and  spln>orbtC). 

FragnenCoeion  of  core  excited  laolecules  :  la  alee  aeieetlve 
fragmentaelon  traceable  ? 

The  excitation  of  a  core  electron  Into  a  low  lying  unoccupied 
orbital  allows  to  localise  the  effect  of  the  photon  on  a  specific  bond, 
near  e  specific  atomic  site  of  the  molecule,  under  certain  conditions.  Due 
to  Auger* like  processes,  the  molecule  Is  left  with  one,  two  or  more 
positive  charges.  We  will  show,  on  the  basis  of  electron  •  Ion  -  Ion 
coincidence  detection  methods,  .which  Ideally  complement  conventional  mess 
spectrometry,  examples  of  site  selective  fregmenteclon  processes  In  core 
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•xclcad  NjO  •nd  Ch«  Inportane*  ond  Ch«  llnlcs  of  tho  Coulomb  oxploalon 
modal,  Uo  will  thow  the  llmlcocloni  of  alee  aalaeClva  dlsaoclacton  affaeca 
In  largar  moleculaa,  bocausa  of  Cha  efficiency  of  multlfraginentaclon  on  a 
mlcroaacond  acala. 

Dynamics  of  phoeodlssoclselon  by  pump(las»r)'probe(/iS}  and 
alsctrons  spsccrosocopy  machods. 

Tha  high  rapecUlon  race  of  SR  In  cha  KHz  ranga  makaa  Ic  a 
quail- cone Inuous  aourea  and  cha  eomblnaclon  wlch  CU  laaara  la  '*acy 
favorable.  Ua  ahou  chac  pump-probe  exparlmenca  can  ba  uaad  Co  acudy  Cha 
dynamlea  of  untmolacular  phocodlaaoelaclon.  A  CU  argon  Ion  laaar  la  uaad  co 
phoCodlaaoelaCe  a  mole'-ule  and  SR  la  uaad  Co  phoColonlaa  all  fragmanCa,  Cha 
dacaeclon  of  fragmanc  phocoalecCrona  allowa  co  dacarmlna  Cha  Incarnal 
vlbraclonal  energy  of  cha  naaeanc  fragmanCa.  In  cha  a-cacraelna  molecule, 
CjN^Hj,  which  dlaaoclacaa  InCo  chrea  fragmanCa  <2tlCH  a  whan  axclcad  In 
the  vlalbla,  wa  ahow  chac  tha  vlbraclonal  dlacrlbuclon  of  tha  fragmanCa  la 
conipaclbla  wlch  a  dlreec  three  body  process  of  Cha  molecule  In  a  cranalclon 
sCace  with  a  parclcular  geomecry, 

Current  and  future  trends 

Ottier  phocochemlstry  applications  In  the  far  UV  range,  will  bo 
briefly  roenclonned,;  An  example  la  offered  by  Ion  and  neutral 
phocodesorpclon  experiments  from  the  surface  of  molecular  solids.  Another 
Is  tha  study  of  free  metallic  clusters  by  photolonlzaclon, 

Ua  will  outline  other  future  developments,  oriented  by  Che  use  of 
SR  In  the  far  Infra-red  range,  and  of  the  Infro-rod  free  electron  laser,- 
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3D  MACHINING  WITH  LASERS  :  POSSIRILITIES  AND  LIMITS 
Jcan-Claudc  Andrd 

GdR  0920  "Iiutrunicntation  Optiquc"  and  GRAPP-DCPR-URA  328  CNRS 
ENSIC  •  INPL  -  BP  451  -  54001  Nancy  Ccdcx  (Prance) 


Pos-sibilitcs  ct  litnites  dcs  proeddiSs  dc  rdalisation  d'objels  3D  par  laser  ' 

i 

< 

Nous  prdscnions  un  proeddd  de  stdrdophotolilhograpliie  laser  qui  lire  son  originc  d’une  .j 

plioiolrunsrorniaiion  induile  par  laser,  rdsoluc  dans  I’espacc,  li(|uidc-solide  en  panicuticr  qui  | 

pcnnci  dc  rdaliscr  dcs  pidccs  prototypes.  Diffdrentes  amdliorations  au  proeddd  actuelleinent  | 
coiiiincrcialisd  scront  prdscnidcs.  | 


A  prototype  is  usually  required  before  mass  production.  Purthennorc,  scale models  are  of 
wide  use  by  aruliitccis  and  engineers.  Until  now,  these  models  were  made  by  traditional 
techniques.  RcccnUy,  computer  aided  machine  tooling  has  become  possible  and  numerical  data 
which  denne  the  shape  of  the  object  to  be  made  is  available.  However,  llie  tool  that  makes  the 
object  lias  to  follow  a  path  tangent  to  the  surface  and  interference  with  adjacent  surfaces  has  to 
be  avoided.  Purdiermore,  the  tool  wear  has  to  be  known  in  order  to  construct  an  object  of  fine 
quality.  In  order  to  surmount  these  difficulties,  we  have  dcvclopped,  along  with  others,  a 
process  whiclt  makes  tliree  dimensional  objects  by  polymerizing  a  liquid  monomer  using  a  laser 
energy  source.  The  laser  beam  can  be  focused  precisely  on  a  liquid  so  that  a  liquid  /  solid 
photochemical  transfonnaiion  can  be  achieved.  Tlie  advantages  over  llie  traditional  techniques 
mentioned  ctulicr  arc  that  a  mould  is  no  longer  necessary,  die  shape  of  die  object  can  be  totally 
arbitrary  and  the  wear  of  the  tool  is  not  needed. 

I  Icre,  we  show  how  three  dimensional  objects  can  be  created  using  computer  aided  design. 
In  the  current  stage,  this  new  technique  which  has  led  to  very  promising  results,  is  limited  by 
the  choice  of  materials  and  the  traditional  CAD  has  to  be  thus  adapted.  After  di.scu$siiig  briefly 
the  manufacture  of  objects  by  computer  aided  laser  polymerization,  the  coupling  between  the 
adapted  CAD  and  the  choice  of  materials  is  shown.  Tlic  applications  of  this  new  technique  are 
not  all  known  ;  however,  future  progress  will  depend  on  the  ability  of  specialists  in  the  fields  of 
materials  engineering,  photcchcmislry  and  Computer  Aided  Design  to  work  together. 

I.  Brief  review  of  plioiopolvmeri/aaon  methods 

If  a  sufficient  amount  of  photons  is  absorbed  per  unit  volume,  unstable  species  are  created 
and  the  liiiuid  monomer  fxilymcrizcs  into  a  solid  which  is  not  soluble  on  the  liquid  monomer. 

A +/!!'->  unstable  species 
unstable  species  +  Af  ->  non  soluble  polymers 


I 
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'Hic  above  simpUned  mechanism  sliows  that  two  main  difricultics  liuvc  to  be  surmounted ;  tlie 
local  light  absorption  and  tlic  choice  of  materials.  If  these  two  main  difncullics  arc  only  partially 
mastered,  a  nKxlirication  of  tlic  Qtmputcr  Aided  Design  becomes  necessary. 

iJ..LifiliLabjtu:piiaa 

Two  excitation  techniques  have  been  proposed  up  to  date :  multiphotonic  absorption  and 
monophotonic  absorption.  For  now,  the  second  seems  more  efficient  for  industrial 
applications. 

The  theoretical  basis  is  the  Deer-Lambert  law.  A  light  beam  is  incident  on  z,  the 
concenuation  Ca  is  such  that  the  light  absorption  during  dt  produces  a  polymerixtion  of  the 
monomer  between  x  and  z  -i-  Ax.  If  the  beam  thickness  is  Ar,  the  polymerized  voxel  volume  is 
nAr^Ax. 

Successive  layers  of  thickness  Ax  are  made.  Tliis  is  shown  qualitatively  on  Figure  1. 
Stitrting  from  the  base  which  contains  a  layer  of  thickness  Ax,  tlie  laser  beam  is  displaced  in  the 
xy  plane  in  order  to  solidify  the  z  s  0  plane.  Afterwards,  a  new  layer  of  monomer  is  added  and 
tile  process  is  repeated.  An  object  can  be  made  with  just  one  laser. 

llie  laser  beam  is  guided  into  the  reactor  containing  the  monomer.  The  guide  must  be  very 
loosely  attached  to  the  created  voxel  otherwise  deformation  or  rupture  is  possible.  Several 
techniques  enabling  this  exist. 

In  all  monophotonic  processes,  the  object  coordinates  stored  in  the  computer  are  given  in 
the  form  z  =f(x,y). 

1.2.  Malerials 

Unless  a  special  mechanical  property  of  the  object  is  wanted,  the  liquid  monomers  should 
have  the  following  chomcteristics :  rapid  reaction  rate  and  lowest  possible  viscosity  in  order  to 
reduce  the  lime  needed  per  layer  and  to  limit  hydrodynamic  side  effects  caused  by  the  guide 
displacement.  Monomers  M  having  such  properties  arc  mainly  in  the  epoxy  or  acrylate  groups. 
Photochemists  know  well  how  to  start  and  control  the  reaction  using  these  species.  When  a 
monomer  is  polymerized,  a  volume  variation  is  observed  due  to  the  photoreaction.  This  has 
various  consequences.  A  polymerized  voxel  which  is  not  sustained  and  whose  density  is  higher 
tlian  that  of  tlie  liquid,  will  tend  to  sink  to  the  bottom  unless  held  by  surface  tension  forces,  'llic 
manufactured  object  can  thus  have  dimensions  other  than  the  ones  specified.  Furthcnnorc,  the 
object  can  deform. 

In  order  to  remedy  tlicsc  difficulties,  materials  which  do  not  shrink  and  with  the  properties 
mentioned  earlier  have  to  be  sought,  'fliesc  materials  exist  but  their  viscosity  is  often  too  big. 
Another  solution  is  to  adapt  the  computer  aided  design  in  order  to  limit  memory  effects  induced 
by  the  polymerization. 
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laser  ()caiii  x  -  y  disiilacatuiiu  system 


ubjeul  to  iitakc 
3td  layer  Itciitg  tnadc 

2iKi  layer  (polymer) 


•«*‘'*V«(|x>.yn.cr) 


I 

Pieurc  I :  priiieipc  of  tlic  layer  by  layer  spaee  resolved  polymcri/atlon 

'I'lie  principle  consists  in  polymerizing  voxels  tliat  ttre  each  separated.  The  volume  variation 
of  each  element  occurs  independently  and  then  the  interstices  separating  the  voxels  is 
polymerized.  Since  the  laser  has  to  be  continuously  displaced,  a  gsilvanomctric  tnirror 
controlled  by  a  computer  should  be  used. 

».  Hasis  of  a  Laser  CAD  machine 

ILLTlimiacliinc 

Tlie  monopiiotonie  process  described  earlier  is  split  into  several  sub-systems  which  are  :  the 
computer  system  which  incittdes  the  computer  which  receives  the  CAD  data  from  another 
system.  I1ic  computer  system  adaptes  tiie  data  to  dermc  Ute  optimum  laser  iKam  displuceiiKut. 

•  the  photochemical  reactor 

•  the  laser 

-  a  motor  driven  optical  mechanical  unit  with  several  degrees  of  frecdunt  which  sha|ics  the 
light  beam  and  then  reflects  it  into  the  tnonomcr  to  be  |)olymcrizcd. 

-  a  motor  driven  system  which  moves  the  object  on  the  z  axis. 

I1.2uCAi;>  stfwarc 

In  our  ease,  the  objects  to  be  tnadc  arc  solids  either  full  or  hollow.  Purtlicrmore,  great  care 
must  be  taken  in  tlicir  tnanufacture  since  they  arc  intended  to  Iw  duplicated.  A  model  is  ntorc 
realistic  if  it  accounts  for  a  greater  number  of  constraints  of  the  object. 

The  system  conAguration  tnust  be  able  to  u.se  CAD  software  which  is  commercially 
available.  Hie  inicrfiicc  must  be  conceived  and  should ; 

•  verify  that  the  object  can  be  made 

•  choose  the  Iwst  manufacturing  order 

-  decom|M)sc  the  object  into  voxels 
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-  predict  and  int)Kdc  object  defonnatton 

•  command  the  whole  process. 

We  itave  previously  shown  that  it  is  not  acceptable  to  create  voxels  that  arc  indciicndcnt  of 
tlic  partially  created  object. 

As  indicated  before,  the  object  can  be  manufactured  at  z  by  laser  induced  iwlymcrization  on 
the  whole  or  part  of  the  surface.  The  poiymcrization  tinte  is  proportional  to  for  an  object  of 
size  li  and  proportioitaf  to  if  only  the  surface  is  polymerized.  It  can  be  advantageous  to 
|X)lymcrizc  tlic  object  only  at  tlic  surface  and  in  elements  which  contribute  to  tlic  rigidity. 

After  taking  the  object  out  of  the  reactor,  it  contains  liquid  monomer,  it  can  be  used  as  sucli 
or  a  more  total  polymerization  can  be  obtained  in  an  annex  system.  One  must  take  into  account 
that  in  this  latter  case,  the  object  can  deform  due  to  shrinkage.  Tlic  defiitition  of  the  points 
where  the  object  tnust  be  rc-cnforccd  could  be  interesting.  All  tltcse  technical  difncultics  can  be 
solved  by  adapting  existing  CAD  software  or  by  choosing  carefully  die  used  materials. 

Il.3..0uiii;al,  mechanics 

Carboxylic  components  are  most  well  known  and  the  most  efficient  photochemical  reaction 
initiators,  the  absorption  spectra  is  centered  on  3S0  niii.  A  laser  which  emits  in  this  spectral 
zone  is  usable  {lletCd,  Ar*,  etc..,).  Other  compounds  for  storting  the  reaction  ore  available  in 
the  visible  and  die  infra-red  regions. 

When  using  a  z  axis  displacement  to  guide  the  light  beam,  it  is  preferable  to  use  platinum 
moulted  by  a  computer  commanded  step  by  step  r.oior.  For  a  system  using  the  superposition  of 
layers  on  the  partially  realized  object,  and  in  order  to  reduce  manufacture  time,  it  is  advised  to 
use  displacement  systems  with  very  small  inertia,  for  example  computer  commanded 
galvaiiomctric  mirrors. 

Cuticlusioiis 

It  has  been  shown  above  that  prototypes  ctin  be  realized  with  an  adequate  CAD  using  a 
liquid  monomer ;  no  mould  or  machine  tooling  is  necessary.  The  CAD  is  complex  and  even 
more  so  if  the  object  contracts  during  the  solidification  process.  New  materials  which  contnict 
less  or  not  at  all  are  being  investigated  currently. 

'I1ie  CAD  codes  should,  in  the  future,  take  into  account  the  clamping  of  the  object  being 
made.  In  agreement  with  others  wo  think  that  photochemical  systems  which  have  different 
properties  after  the  beam  exposure  should  allow  us  to  use  the  CAD  codes  available  today.  In 
order  to  improve  the  process,  CAD  and  pliotopolymer  specialists  working  together  would 
inevitably  reach  that  goal  rapidly.  Hven  today,  a  huge  demand  exists  and  renders  the  subject 
very  attractive. 
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Pho  loclictnl  cal  a-Clcava^c  ot  Kcloncs  as  Studied  by  tbe  Enhancement 
Factor  of  CIDNP 

Tohru  Azuml t  Tomuml  Sakata,  and  Mosahldc  Tcrazlma 

Department  of  Chemistry,  Faculty  of  Science,  TohoKu  University, 
Sendai ,  Japan  * 

In  this  paper  we  try  to  determine  the  spin  state  of  the 
precursor  of  the  photochemical  a-cleavaso  of  kcloncs  such  as 
dlbonzyl  ketone  (DDK)  and  l-butylkctone(TDK> , 

n-co-n  -*  nco*  ♦  •  n 

from  the  quantllotlvc  analysts  of  the  CIDNP  enhonccmenl  factor. 

We  wish  to  point  out  that  qualitative  analysis  of  the  slen  of  the 
CIDNP  polarization  alone  may  sometimes  lead  to  erroneous 
conclusion.  Let  us  Illustrate  the  problem  for  DDK  as  an  exomple. 


f  Figure  1.  NMIl  spectra  of  DDK  at  room  temperature 

|.  (a)bcforc  light  Irradiation  and  (bldurlng  the  Irradiation 

I  under  the  conditions  of  Psat  *  ^obs  “  ^2.0  /is,  V  s  o.60  s, 

4  and  robs  “  1-50  s. 
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leisure  1  shows  the  NMH  spectra  measured  (a)bc(ore  ll\c  light 
Irradiation  and  (Q)after  the  light  Irradiation,  The  cioNP  signal 
for  the  benzyl  protons  of  DDK  (the  recombination  product)  at  3.7 
ppm  Is  emissive,  ond  the  CIDNP  signal  for  the  methylene  proton  of 
dlbcnzyl  (escaped  product)  at  2.0  ppm  Is  obsorptlvc.  Dy 
oppllcallon  of  the  Koptcln  rule,  the  precursor  In  predicted  to  be 
the  triplet  state,  ond  this  prediction  ogrees  with  the  results  of 
numerous  studies  reported  so  far.  Complication  arises,  however. 
If  reaction  occurs  from  both  triplet  and  singlet  stotes.  We 
should  note  that  the  enhoncement  factor  of  CIDNP  grcotly  differs 
between  the  singlet  precursor  and  the  triplet  precursor. 

Sometimes  the  absolute  mognitude  of  the  enhancement  factor  for 
the  triplet  precursor  can  be  several  orders  of  magnitude  larger 
than  titat  for  singlet  precursor.  In  order  to  ovoid  such 
mlsdetermlnotlon  of  the  reaction  precursor,  not  only  the  sign  but 
also  the  magnitude  of  the  enhancement  factor  of  CIDNP  should  be 
analyzed  with  the  aid  of  theoretical  values. 

lixperimcntal  determination  of  the  enhancement  factor  Is, 
however,  very  difficult.  Plrst  of  nil,  the  observed  CIDNP 
Intensity  Is  affected  by  relaxation  and  thus  this  effect  should 
be  properly  taken  Into  account.  Second,  In  the  present  DDK 
photophysIcs  case,  the  recombination  product  Is  chemically 
Identical  cpccics  with  the  reactant,  ond  thus  the  amount  of  DDK 
produced  by  the  reaction  is  hard  to  determine. 

In  this  paper,  the  first  difficulty  was  overcome  by 
utilizing  the  saturation  recovery  pulse  sequence, 

(Psof  ~  ^obs"  'obs^N'  proposed  by  Lawler  and  Darborn.  The 
second  difficulty  was  overcome  by  the  temperature  dependence 
method  to  be  outlined  below.  The  observable  physical  quantities 
ore  a)ClDNP  Intensity  1  of  DDK,  (b)dccreasc  of  the  NMIt  Intensity 
of  DDK  by  the  light  irradiation,  and  (c)lhc  consumption  rote 
constant  K  of  DDK.  I'i'om  kinetic  consideration  we  expect  that  the 
plot  of  1/K  verses  the  I/(-5'Ic)  rotlo  obtained  at  various 
temperatures  should  become  a  straight  line  and  the 
slopc/lntcrccpt  ratio  of  this  straight  linn  can  yield  the 
enhancement  factor  ti  or  the  Uoltzmann  poptilutlon  corrected 
enhancement  factor  e  =  experimentally  obtained 

plots  are  shown  In  Plgure  2. 
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Fisure  2.  Plot  of  1/K  verses  the  l/(-$Ie>  rstlo  obtained 
In  chloroform-d  at  various  temperatures. 


We  Indeed  obtained  a  rather  good  straight  line,  and  this 
observation  supports  several  underlining  assumptions  made  In 
developing  the  above  Kinetics. 

The  e  value  determined  from  Figure  2  Is  -2.88  x  This 

value  does  not  depend  on  the  concentration  of  DBK  In  the  0.01  - 
0.06  M  range. 

In  order  to  analyze  the  experimentally  obtained  enhancement 
factor,  e  values  vere  calculated  theoretically  based  on  the 
theory  of  Pedersen  and  Freed).  The  theoretical  value  for  the 
triplet  precursor  ex  is  -0.2237.  On  the  other  hand,  the 
theoretical  value  for  the  singlet  precursor  65  Is  a  very  small 
positive  value.  (es'5.6xl0"<  at  27®C, (es«3.76xl0"4  at  -40»C.) 

In  the  course  of  the  above  kinetics,  we  are  also  able  to 
obtain  the  quantum  yield  of  the  recombination  (t  q)  of  DDK  after 
the  photocleavage  reaction.  The  results  are  shown  In  Table  1. 


0-130 


Table  1.  Temperature  dependence  of  the  quantum  yield  of  the 
recombination  g)  of  DBK  after  the  photoelcavase  reaction. 


Temp. 

♦c 

-  40 

°C. 

0.S0& 

-  20 

“C, 

0.422 

0 

°C. 

0.381 

27 

“C. 

0.283 

Although  the  qualitative  features  (the  emissive  polarization 
and  temperature  Independence  of  C)  sugsests  that  the  precursor  o>f 
the  photocleavage  of  DBK  is  the  triplet  state,  the  quantl  lallye.i, 
analyses  of  the  experimental  results  encounters  difficulties  In 
two  points.  First  difficulty  is  a  great  discrepancy  between  the 
observed  and  the  calculated  enhancement  factor.  The  calculated  e 
value  for  the  triplet  precursor  Is  two  orders  magnitude  as  lar^e 
as  the  experimental  value  (-2.8dX  10“®>.  The  second  difficulty.! 
is  that  the  yield  of  cage  product  (4>  exceeds  1/3  below  0  °C...  , 

(Table  1).  Since  the  photoreaction  occurs  In  the  high  magnetic'  | 

field  (2.349T).  only  the  To  atate  of  the  radical  pair  can  mix'"- 
with  the  S  stale,  in  such  a  case,  ♦  q  for  the  triplet  precursor 
should  be  less  than  1/3.  We  might  be  able  to  conceive  of  the 
following  five  possibilities  for  the  origin  of  the  discrepancies  , 

between  the  experimental  results  and  theoretical  expectation' in  e  ’ 

and  ♦  e.  a)  Participation  of  the  spin-lattice  relaxation  of  j 

individual  radical  which  composes  the  radical  pair,  b) 
participation  of  the  spin-orbit  coupling  (500  in  the  radical 
pair  stale,  c)  regeneration  of  DBK  from  free  radicals,  d) 

Overhauser  effect,  and  c)  participation  of  the  singlet  precursor. 

Having  examined  these  five  possibilities  very  carefully,  we 
have  finally  reached  the  conclusion  that  the  possibility  e)  is 
most  likely.  From  the  examination  of  the  data,  we  conclude  that 
near'y  80  X  of  the  reaction  lakes  place  from  singlet  excited 
slate.  This  conclusion  was  also  supported  by  the  triplet 
sensitizer  experiments. 
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Chemical  and  Enzymatic  Trisgerins  of  Chemiluminescent  1,2-Dioxetanes: 

Application  to  Ultrasensitive  Biological  Assays 

A.  Paul  Sehaep*.  HasHm  Akkafttn-Taftt,  Rtnuka  DtSilva, 

Robtrt  A.  EtekkoU,  Mihatla  Gkaorgklu,  Bty  P.  CM,  Jaidtv  5.  uouiar, 
Richard  S.  Handlty,  Richard  Krztetkowski,  and  Barry  A.  Schotnftlntr 

Lumtgen,  Inc.  P.  0.  Box  07339  Detroit,  MI  48207 

Enzynadcaily  triggerabie  l,2*<lioxetanes  which  can  serve  as  chemiluminescent 
substrates  for  alkaline  phosphatase.  S'galactosidase,  and  aiyl  estense  have  been  develq>ed.<-* 
These  compounds  are  highly  suble,  crystalline  materials  which  have  half-lives  for 
decomposition  in  the  solid  state  of  several  years  at  room  temperature.  They  also  show  excellent 
stability  in  aqueous  solutions.  Entymadc  removal  of  a  protecting  group  X  from  the  stable 
dioxetane  produces  the  hydroxy-substituted  dioxetane  (X»H).  Subsequent  deprotonation  of 
this  species  in  the  buffer  produces  an  unstable  aryloxide  intermediate  which  spontaneously 
decomposes  to  generate  the  luminescence.  The  tiMta-phenyl  phosphate  dioxetane  1  a 

(X«POjNaj)  (Lumigen^  PPD)  Is  now  widely  used  for  chemiluminescent  detection  with 
enzyme-linked  immunoassays  and  DNA  probes  employing  alkaline  phosphatase  conjugates. 


a  X-POaNaj 
b  X-  B-O-galactosa 
e  X-aeslyf 


Light 


Lumigen*  PPD  is  available  commercially  as  Lumi-Phos®  S30,  a  complete  liquid 

formulation  which  contains  the  dioxetane  in  a  basic  buffer  soludon  incorporating  a  fluorescent 
comicellar  enhancer  system.  Alkahne  phosphatase  is  readily  detected  in  soludon  by  adding  an 
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aliquot  of  Lumi'Phos^  S30  to  a  tube  or  tnicrotiter  well  coAtoining  the  enzyme  at  37  *C  and 

recording  the  emission  using  a  luminometer,  instant  photographic,  or  gteen-sensidve  X>ray 
film.  At  low  levels  of  enzyme,  chetnliumineieence  intensity  rises  to  a  plateau  within 
approximately  30  minutes  and  remains  constant  for  several  hours  permitting  repealed 
measurements  to  be  made  if  required.  Cbemiiuminescent  detection  with  Lumi*Phos*  S30 

affords  ultrasensitive  detecdon  of  alkaline  phosphatase.  A  detection  limit  of  10*^1  mol  of 

alkaline  phosphatase  has  been  achieved  usinr.  this  detection  system  at  37  *C  (Figure  1).* 
Further,  the  chemiluminescence  intensity  is  iwoportlonal  to  the  amount  of  alkaline  phosphatase 
present  over  six  orders  of  magnitude  (Figure  2).  Alkaline  phosphatase  coqjugates  ate  also 
rapidly  detected  on  nylon  and  PVDF  membranes  using  Luml-Phos*  530  and  X>ray  film 
detection.  Numerous  applications  in  life  science  research  and  medical  diagnostics  have  been 
developed  using  techniques  including  ELISA  assays  for  haptens,  Western  blotting  for  protein 
detection.  Southern  blot  analysis  for  detection  of  microbial  and  human  DNA,  and  DNA 
sequendng  applications.* 
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Fig.  1.  Chemiluminescent  intensity  in  counts/s  (arUtrary  units)  vs.  time  for  reaction  of 
dioxetane  la  with  0.0016  amol  of  alkaline  phosphause  in  100  pL  of  the  Lunti'Phos*  530 


f- 


U|  (iMtii  iUi«llu}k«iyh>uit) 

Fig;  2.  Correlation  of  log  (intenaiiy  at  the  plateau,  coonts/$)  vs.  log  (noles  of  alkaline 
phosphatase) 

Dioxetane  1  b  CLonngen®  QPD)  bearing  a  galactose  moiety  as  the  protecting  group  is  a 
highiy  sensitive  reporter  molecule  for  the  chemiluminescent  detection  of  free  B>galactosida$e  and 
conjugates  in  soludon.  Lumi'Gal"*  S30  is  a  reody-to-use  formulation  which  allows  the  rapid 
detection  of  S-galactosidase  from  E.  coll  vrith  ten-fold  better  sensidviiy  than  colorimetric 
methods.''  A  set  of  assays  can  be  performed  in  one  hour  compared  to  the  incubation  times  of  up 
to  one  day  required  in  colorimetric  analysis  of  low  levels  of  &-galactosidase.  A  noteworthy 
feature  of  the  Lumi-Cal'^  foimulation  is  that  it  permits  the  efficient  operation  of  E.  eoll  8- 
galactosidase  at  pH  9.6,  which  is  significantly  above  the  optimum  pH.  This  prqieny  makes 
Lunti-Oal"'  530  especially  useful  for  analysis  in  gene  expression  studies  since  the  E.  colt  8- 
galactosidase  gene  is  commonly  used  as  a  reporter  gene  in  molecular  biology  reseaich. 

While  enzyme  labels  provide  a  powerful  detection  system,  problems  associated  with  non¬ 
specific  absorption  of  enzyme-conjugates  and  background  conuuninadon  with  ulnquitous 
enzymes  such  as  alkaline  phosphatase  can  limit  the  sensitivity  of  acmrl  assays.  An  alternative 
technique  which  may  avoid  these  limitations  involves  the  direct  labeling  of  biological  molecules 
with  a  chemiluminescent  molecule.  We  now  report  the  development  of  novel,  chentically 
triggenbie  dioxetanes  which  can  be  used  u  chentiluminescent  labels  lot  a  wide  variety  of 
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biological  molecules.  The  highly  efficient  meU'phenyl  type  dioxetane  has  been  funcdonalized 
with  tethered  reacdve  groups.  For  example,  dioxetane  2  contains  an  N*hydioxysuccinimide 
gro  jp  atuched  through  a  iiiethylene  linker  arm.  Andbodies  and  DNA  probes  bearing  reacdve 
amino  groups  are  labeled  with  this  dioxetane.  Dioxetane  3  contains  a  biotin  group  for  indirect 
labeling  through  the  biotin-streptavidin  binding  intcracdon.  Various  OX  groups  can  be  used  in 
combinadon  with  the  appropriate  acdvadng  agent  to  chemically  trigger  the  chemiluminescence 
and  provide  an  assay  for  the  labeled  bidlo^cal  molecule.  We  will  describe  possible  applicadons 
of  these  novel  labels  to  life  science  research  and  medical  diagnosdcs. 
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MECHANISM  OF  CF(XJn)  GENERATION  BY  248  NM  MULTI-PHOTON 
DISSOCIATION  OF  CFjDr,  AND  CFDra.  DETERMINATION  OF  THE  C-F  BOND 

DISSOCIATION  ENERGY 


Jozcl  Peelers,  Jan  Van  Hoeymissen  and  Use  De  Boelpaep 
K.U.  Leuven,  Celestijnenlaan  200P,  3001  Leuven,  Belgium 


Ground  state  CF(X)  radicals  were  observed  as  a  minor  product  of  the  248  nm  excimer 
laser  photolysis  of  both  CFjBr]  and  CPBi},  The  resulting  [CF(X,v"=0)]  was  measured 
by  L.I.F.  (excitation  :  1-0  band  of  the  transition  at  A  s  224  nm)  as  a  function 

of  the  excimer  laser  fluence  over  a  range  I  sf  10**  to  10**  photons  cm**  pulse**.  In  both 
cases  [CF(X)]  obeys  a  4*  law  in  the  i  -»  0  limit.  Photodissociation  cross  sections  were 
obtained  from  the  detailed  analysis  of  (CF(X)](i)  over  the  full  fluence  range : 


CFiBrj  +  hi/-*  CFjBr  -I-  Br 
CFjBr  +  liu  ■*  CFj  +  Br  (major) 
-♦  CF  +  FBr  (minor) 


AIIr  =  66Kc/m 
AIIr  =  35 
AHr»100 


ffi  =  7  10*<»cm* 


(1) 


I  trjss4 10**»cm* 


CFBr,  +  hi/  ■*  CFBra  +  Br  AHr  =  01 

CFBr j  +  hi/  •+  CFB  r  +  Br  (major)  AHr  =  43 
CF  +Dr2  (minor)  AIIr  =  60 


=  4 10*'*cm» 


I  aj  =  210***cm* 


I 

t 


As  evidenced  by  relaxation  effects,  CF  from  CFjBra  arises  for  a  large  part  in  the 
v"  =  0  slate,  whereas  CF  from  CFBrj  is  generated  dominantly  in  higher  v"  states,  in 
agreement  with  the  energetics  of  the  processes  involved. 

The  C-F(X)  bond  dissociation  energy  was  determined  from  a  AG(v")  vs.v"  Birge- 
Sponcr  reialion,  with  G(v")  values  for  v"  =  Oto  14  obtained  from  CF(*E*,  v’  =  1) 
fluorescence  (224-352  nm)  induced  by  224  nm  probe  laser  excitation  of  the  *S*,  v*  s  1  «- 
’Hi/r,  V"  =  0  transition.  Given  the  nearly  perfect  Morse  behaviour  of  the  CFfX) 
potential  energy  function  -  as  follows  from  recent  highly  refined  ab-initio  V(r)  data  a 
first-order  Birge-Sponer  analysis  was  carried  out.  Thus,  we  obtain  D(C-F)  =  128** 
2  Kc/mol. 

(1)  D.  Giliolay  and  P.C.  Simon,  J.  Atmos.  Chcin.  g,  41  (1080) 

(2)  A.P.  Rcndell,  C.W.  Bauschlicher  and  S.R.  Langhoff,  Chem.  Phys.  Lett.  103.  354 
(1080) 
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Perlurbatton  facllliatod  optlual-opllcal  double 
resonance  spcclroBcopy  of  CI2 

Yaauko  Koaol.  Jln-llal  SI,  TaKoslil  Ishlwala,  and  KInIclil  Obi 

Dcparlmenl  of  Chcmlslry,  Tokyo  Inslllule  of  Tculinoloey 
Ohokuyama,  Mceiiru,  Tokyo  1G2,  Japan 


The  0^  {^P|)  and  l^f^Pp  lon-polr  slales  were  studied  by  the 
perturbation  facilitated  optical-optical  double  resonance  spectroscopy. 
It  Is  known  that  the  AQ^O  selection  rule  holds  for  the  lon-palr  to 
valence  state  transitions,  since  their  primary  transition  moments  arc 
parallel  to  the  Internucleor  axis.  For  example.  In  order  to  detect  the 


OZ  lon-palr  state  by  optlcol-optlcal  double  resonance,  this  selection 

fi  n 

rule  requires  the  flBU**  components  of  the  valence  state  an  an 
Intermediate,  to  which  the  optical  transition  from  the  ffi'ound 

state  Is  forbidden.  In  a  previous  publlcotlon,^^  we  found  the  locol 
perturbation  by  the  life'll)  stoto  In  the  v»9  level  of  the  A^IIfljj) 
stole.  On  this  basis  we  adopted  the  excitation  sequence  shown  In  Fig.  1 
to  probe  ihc  Ogf^Pp  stole,  where  the  first  step  of  excitation  to  the 
Intermediate  state  wos  executed  through  Us  fitly)-  X*  property. 

In  the  second  step,  the  molecules  were 

excited  to  either  the  0g(\)  or  Ob~(Vi) 

Igf^Pj)  state  lying  In  the  D8000  cm"^ 
region,  according  to  the  AQ«0 
selection  rule  depending  on  the  probe 

laser  wavelength  by  Its  b'^lItOy)  and  hv*  hv2 

A^llfly)  double-faced  charoclcr.  On 

the  other  hand,  we  analyzed  the  2y(^P2) 
lon-palr  slate  tliruugh  the 

A'3n(2y)~A^n(lu)  Inlerocllng  stole,  D'^IHOu)  |v-7  ^  A^n(lu)  v9 

whose  results  will  be  discussed  In  the 

poster  session.  *”'* 


D'’n(Ou)  v-7 


A^n(1u)|  V9 


(1)  T.  Ishlwala,  A.  Ishlguro,  and  K. 
Obi,  J.  Hoi.  Spcclrooc.  In  press. 


Fig.  1 
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KINETICS  OF  C2O  RADICALS  FORMED  IN  T\  IE  I’l  lOTOLYSIS  OF 
CARBON  SUBOXIDE  AT  308  NM  AND  248  NM 

K.H.:  Becker,  R.  Kcinig,  R.  Meuser,  P.  Wiesen  and  K.D.  Bayes* 
Oergische  Universitat-GM  Wuppertal,  FB  9/Phys.  Chcinic,  Poslfach  100127, 
D-S600  Wuppertal  1,  FRG 

*  Dept,  of  Chem.  &  Biochem.,  UCLA,  405  Milgard  Avenue,  Los  Angeles, 
California  90024,  USA 

The  photolysis  of  cai-bon  suboxide  at  248  and  308  nm  was  invcsligaled 
at  4  Torr  total  pressure  and  29S  K.  It  was  observed  that  when  C^Oj  is 
photolyzed  at  248  nm  the  photolysis  product  CjO,  whose  time  behaviour  w:is 
monitored  by  means  of  laser  induced  fluorescence,  is  initially  formed  in  one 
of  the  low  lying  singlet  states  whereas  at  308  nm  the  ground  state  is  the 
dominant  photolysis  product.  At  248  nm  the  addition  of  CO  caused  an  cfnciciit 
conversion  of  the  singlet  CjO  to  its  triplet  electronic  ground  state,  which  is 
probably  caused  by  intersystem  crossing  in  a  CjO^  collision  complex. 

In  addition,  rate  coefficients  for  the  reactions  of  C^OCX^ii")  with  CO, 
COj  and  Oj  as  well  as  quenching  rate  constants  for  the  deactivation  of 
CjOfA’ilj)  by  Nj,  SFj,  CO  and  COj  were  determined. 


Infrared  Diode  Laser  Study  of  the  Reaction  of 
0(’D,)  Atom  with  CH, 

Toshinorl  Suzuki*  and  Elzl  Hlrota*’ 

Institute  tor  Molecular  Science,  Myodaljl,  Okazaki  444,  Japan 

The  reaction  dynamics  of  polyatomic  molecule  Involving  Internal  (vibrational) 
coordinate(s)  has  not  been  well  understood.  In  the  present  study  we  Investigate  hydrogen 
abstraction  by  0(*D,)  atom  from  methane,  0('D,)  +  CH^  -*■  OH  +  CH,  ■  -179 

kJ  mol"'),  which  Involves  the  large  out-of-plane  bending  deformation  of  CH,  moiety  of  CH, 
from  a  pyramidal  to  a  planar  structure.  The  bending  deformation  dynamics  of  CH,  In  the 
reaction  are  expected  to  be  reflected  by  the  product  state  distribution  over  the  v,  (out-of- 
plane  bending)  mode  of  the  CH,  radical.  The  reaction  was  Initiated  by  the  generation  of 
0('D,)  atoms  by  excimer  iaser  photolysis  of  NjO.  0,,  or  NO,  at  a  total  pressure  of  100  -  200 
mTorr,  and  the  v,  bands  of  CH,,  v,  «  1  «-  0  up  to  4  «-  3,  were  measured  as  functions  of 
time  by  infrared  diode  laser  kinetic  spectroscopy.  The  result  shows  that  the  vibrational 
distribution  of  v,  (v  si  3)  Is  non-Inverted  and  much  less  excited  than  a  prior  distribution.  The 
nascent  vibrational  distribution  determined  for  the  gas  mixture  NjO/CH,  (1 00/1 00  mTorr)  was 
1  :  0.58  :  0.35  ;  0.15  for  v,  °  0, 1, 2,  3  and  the  fraction  of  the  available  energy  released  to 
V,  vibration,  <f,  (CH,  v,)>,  was  estimated  to  bo  about  0.02.  These  results  contrast  with  the 
strongly-excited  inverted  vibrational  distribution  of  the  OH  counterpart  radical,  which  has  a 
maximum  at  v  =  2  and  <f,(OH)>  *=  0.3.'  For  the  0('D,)  reaction  with  CH„  there  has  been 
a  controversy  whether  tlie  reaction  proceeds  via  Insertion  or  abstraction  mechanism.  For 
comparison,  we  also  measured  the  vibrational  distribution  of  CH,  produced  by  the  direct 
hydrogen  abstraction  reaction  of  the  ground  state  0(’P)  atom  with  CH,  (AH,  *»  8  kJ  mol  ') 
using  the  precursor  of  SO,  and  obtained  a  similar  non-Inverted  distribution.  Therefore,  the 
0('D,)  and  0(’P)  reactions  have  simitar  CH,  deformation  dynamics.  The  feature  of  energy 
partitioning  Is  also  similar  to  that  of  the  F  atom  reaction  with  CH,.  The  results  may  suggest 
that  in  these  reactions  the  CH,  moiety  deforms  fast  enough  to  follow  the  motion  of  the 
abstracted  atom,  as  reported  tor  the  A  state  photodissociation  of  CH,I.* 


*  Present  Address;  Department  of  Chemistry,  Cornell  University,  Ithaca,  NY  14853-1301  U.SA. 

*  The  Graduate  University  for  Advanced  Studies,  4259  Nagatsuta,  Midori,  Yokohama  227  Japan 
'  (a)  P.MAker  et  at.,  J.Chem.Phys.,  73, 1143  (1966);  (b)S.G.Cheskis  etal.,  Chem.Phys.tett.,  155, 

37  (1969) 

*  (a)T.Suzuki  et  al.,  J.Chem.Phys.  in  press;  (b)  SAmatatsu  et  al.,  J.Chem.Phys.,in  press; 
(c)H.Guo  and  G.C.Shatz,  J.Chem.Phys,  93, 393  (1990) 
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CHANGING  INTRAMOLECUUR  VIBRATIONAL  REDISTRIBUTION  RATES 
BY  CHEMICAL  MODIFICATIONS 

Charles  S.  Parwentar.  Trent  Paceraon  and  Zhong-Quan  Zhao 
Department  of  Chemistry,  Indiana  University,  Bloomington,  IN  /t7A05 

Some  simple  chemical  modifications  of  the  aromatic  p-dlfluoro> 
benzene  (pDFB)  can  change  or  Introduce  IVR  processes  whose  races  span 
approximately  four  orders  of  magnitude.  IVR  rates  among  the  ring  modes 
of  pDFB  at  300K  lie  In  the  range  15-300  psac.  If  we  replace  a  fluorine 
with  a  CH]  group,  IVR  races  Increase  as  much  as  lOOX,  becoming  in  some 
cases,  sub -picosecond.  Moving  the  CH}  group  to  the  ortho  or  mete  position 
Increases  the  rate  further.  Alternatively,  If  we  return  to  pDFB  and  add 
an  Ar  atom  to  form  the  pDFB-Ar  van  dor  Weals  complex,  we  Introduce  slower 
IVR  processes,  about  5000  psec.  A  change  In  Che  pDFB-Ar  complex  by  again 
replacing  a  fluorine  with  a  methyl  group  accelerates  the  slow  IVR  by  at 
least  an  order  of  magnitude. 

The  underlying  causes  of  these  changes  can  be  understood  in  general 
terms,  and  details  of  Che  IVR  mechanisms  are  emerging.  Theoretical 
modelling  provides  some  Insight  Into  the  van  der  Waals  IVR.  The  methyl 
effect  Is  due  to  the  Interaction  of  its  Internal  rotation  with  overall 
rucatlon  and  ring  vibrations.  Cold  Jet  fluorescence  spectroscopy  has 
provided  a  detailed  picture  of  these  state-Co-state  couplings. 
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PHOTOISOMERIZATION  RATES  OP  STILUENB  AND 
DIPHENYLDUTADIENE:  AN  RRKM  ANALYSIS  EASED  ON 
COMPUTED  VIBRATIONAL  FREQUENCIES 

Fobrlzla  Negri  and  Giorgio  Orlandl 
Dcparlmcnt  of  Chemistry,  University  of  Dologivi 
40126  Bologna  (Italy) 

The  trans-els  photolsomcrizatlon  of  stilbene  (St)  atu)  diphcnylbutadlene  (DPB)  has  been  studied 
extensively  In  a  variety  of  different  environments,  both  In  the  deitsc  phasc^*^  aiui  under  collision- 
free  conditions  in  supersonic  bcams^>^.  The  energy  dependence  of  k(E),  the  microcanonical  rate 
coefficient  of  the  pitotoisomerizalion  process,  shows  a  very  well  defined  thrcsiwid  for  this  process 
at  an  excess  vibratioiul  energy  of  ca.  1200  cm**.  Tlic  rate  constant  k(T)  measured  in  the  dense  phases 
matches  tlw  thermally  averaged  k(E)  for  DPB,  but  is  larger  by  a  factor  of  30  for  St. 

We  have  analyzed  these  observations  by  performing  RRKM  calculalioiw  of  the  rate  coefficients 
k(E)  based  on  computed  vibrational  frequencies  of  reactant  and  of  Iransilion  state.  From  the 
computed  k(E),  the  rate  coefficients  k(T)  arc  obtained.  In  DPB  where  tlie  lowest  excited  slate  is  2A 
along  the  entire  reaction  path,  the  theoretical  and  the  experimental  k(T)  and  k(E)  are  in  good 
agreement.  In  St  a  correct  k(E)  is  fouini  Introducing  non-adiabatlc  effecls  associated  to  the  nature  of 
the  barrier  which  is  originated  by  tire  avoided  crossing  of  llu;  stales  IB  and  2A:  the  neglect  of  these 
effects  leads  to  an  ovcrcslimalc  of  k(E).  On  tlw  contrary  lire  computed  k(T)  is  significanlly  lower 
than  the  observed  rate:  this  diffurena;  is  explained  in  terms  of  a  lowering  of  the  barrier  by  Ihc 
solvent^.  Tire  observed  deuterium  effects^  arc  reproduced  correctly. 

These  results  indicate  that  a)  (he  RRKM  method  can  describe  succesfully  the  rale  parameters  of 
phololsomerizallun  in  isolated  diphenytpolycncs  and  b)  Ihc  anomalous  effects  observed  in  St  arc 
related  to  the  nature  of  the  barrier  in  these  molecules. 

1)  J.Saltiul,  J.D'Agostino,  E.D.Megarity,  L.Mctts,  K.R.Ncuberger,  M.Wrighton,  O.C.Zafirion, 
Org.Photochcm.  2,  1  (1973);  M.Sumitani,  N.Nakashima,  Y.Yoshihara,  S.Nagakura, 
Chem.Phys.U’tt.  6J,  183  (1977). 

2)  Ch.Cehrkc,  J.Schrouder,  D5chwarzcr,  J.Troe,  F.Voss,  f.Chcm.Phys.  22, 4805  (1990). 

3)  P.M.Felkcr,  A.l  l.?ewail,  J.Phys.Chem.  82,  5402  (1985). 

4)  J.Troe,  A.Amirav,  J.Jortner,  Chem.Phys.Lett.  115. 245  (1985). 

5)  F.Ncgri,  C.Orlandi,  J.Phys.Chem.  25,  748  (1991). 

6)  S.H.Courtney,  M.W.Balk,  L.A.Phillps,  S.P.Webb,  D.Yang,  D.l  I.Levy,  C.l  I.Fleming, 
J.Chem.Phys.  82, 6697  (1988). 


1-7 


Opllcal-upllcal  daublo  rosonunco  spoclrottcopy  of 
ualnt;  (1  +  2)  pholo-oxclUiUon  aoquotica 


Takmihl  lahlwaUt,  JIti-hni  Si,  Yottuko  Knmii,  anil  Kiniclii  Olii 
DoparliiioiiL  uf  ChoinisLry,  Tokyo  InsLlLuLo  (>r  TndinoloKy 
Otiokayama,  Mo|{uro,  Tokyo  152,  Japan 


Wo  liavo  o.'^rrlad  oul  a  sorioa  of  oxporlmonLa  on  Lho  CI2  inoloculo  lo 
oxamino  tho  oxcllod  cLalos  of  Ion-pair  characlor  by  oplical-opLIcal  double 
roaonanco.  Tho  provioua  publlcuLion  ahowod  an  approach  lo  Ihoao  oxcllod 
slaloa  uslni;  (1  +  2)  pholo-oxcilalion  aoquonco  Ihrouch  lho  11*^11  (0[|) 
alalo.^^)  Ilowovor,  Ihia  oxporinionl  only  allowa  lo  probo  lho  0^  Ion-pair 
alaloa,  aince  lho  AQ  *  0  aolocllon  ruio  hulda  for  lho  valonco  lo  Ion-pair 
alalo  Iranailiona  of  lho  charuo  Iranafor  lypo  aloni;  lho  inlornuclour  axia. 

To  Bolvo  Ihia  probloiii,  wo  haVo  roconlly  dovolopod  Ihia  lochniqiio  uhIiik  lho 
A^ll(l(i)  alula  <ui  an  inlormodialo  and  now  apoclnt  covorind  lho  aanio  roiiion 
(58500  -  GIOOO  cin**^)  wore  obaorvod.  Thia  oxporlmonl  oxlondod  our 
obaorvalion  lo  lho  l^  alalo,  and  tho  porlurbulion  fucilllulcd  double 
roaonanco  Iranailiona  IhrouKh  lho  A^ll(l„)-  l)'**ll(0~)  and  A'^ll  (l„)-A'‘Ml  (2„) 
porlurblnd  alaloa  allow  ua  lo  Kuin  uccosa  lo  lho  0[|  and  2^  ion-pair 
alaloa,  rcapoclivoly.  Kinaiiy  wo  wero  ablo  lo  churaclorixod  all  of  lho  C 
iincorudo  ion-pair  alaloa  (2  x  0^,  0^,  2  x  1,^,  and  2^^)  corrolalini;  lo  lho 
lowoal  Ionic  alalo  cr(*S)  +  Ci^(^i’),  whoao  roaulla  uro  auinmurixod  ua 
followa:  (I)  Theso  ion-pair  alaloa  of  CI2  aliow  coao  (c)  londoncloa  and 
llioir  rolalivu  poailiona  can  bo  ralionallxod  l>y  apin-uriiil  coupliiiK 
bolwocn  lho  and  ‘*11,,  alaloa  ariaiii){  from  (;i”(*S)  +  Cl^(^l’).  (2)  Tlio 

•'Xjj  sUlo  lyinit  al  -5(1800  cm”*  in  cliuraclorixod  l)y  -  kitli  cm"*  and  r,,  - 
2.8  X.  Tiio  **ll||  alalo  la  alli;iilly  loni{-l>undud  (r^  -  3.1  A)  and  localod  al 
-  50'I00  cm”*  wllli  (Ug  -  250  cm”*.  (3)  Duo  lo  llio  crucial  difforonco  of 

molocular  conalanla  bolwcon  llio  **11  „  and  alaloa,  liio  inloralalo 
couplini'a  bolwcon  llio  ion-pair  alaloa  un>  indinponsablo  atialyKliqi  llio 
npoclra. 

(I)  T.  laliiwala,  I.  Kiijlwara,  T.  Siiiiii'.awa,  and  I.  Tanaka,  J.  Ctiom. 

I'liys.  VO,  'two  (1083). 
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INTBIISYSTEM  CROSSING  AND  CHEMICAL  REACTIONS 
IN  NII(aiA)  COLLISIONS 
W.  Hack,  and  K.  Rathmann 
Max-Planck-IniUtul  fQr  SlrOmungtforichung 
UunsenstraOo  10,  D-3400  Gfiltingcn,  Germany 


NH(a>A),  which  ii  isoclccltonic  with  0(>D)  and  the  carbene  CH}(a),  ii  a  model 
syilem  to  study  the  kinetia  and  dynamics  of  electronically  excited  species.  The  two 
channels,  chemical  reaction  and  intersystem  crossing  (to  different  vibrational  states  in 
the  electronic  ground  state  (X>S‘)),  can  be  followed  directly  by  laser-induced 
fluorescence  (LIF). 

NH(a<A,  v“  a  0  -  4)  is  formed  in  the  laser  photolysis  of  HNs  at  A  »  248  nm  and 
Nil  (aiA,  v"  a  0)  at  A  s  308  nm.  The  time  delay  between  the  photolysis  laser  puls  and 
the  LIF  laser  pulse  brings  about  the  time  resolution. 

The  intersystem  crossing  of  NH(aiA,  v"  a  0  and  1)  collision  induced  by  Ns 
takes  place  with  an  activation  energy  of  5  kJ/moI  for  both  vibrational  states;  a  result, 
which  is  in  agreement  with  informations  on  the  UN  —  Nt  surface  obtained  from  the 
IIN}  photolysis.  In  the  qucnciiing  of  NU(a<A,  v")  by  Nj,  NH(X)  is  found  exclusively  in 
tlie  vibrational  ground  state,  whereas  for  Xe  as  the  colliding  partner  NU(X)  in  v  »  0 
and  v>0  is  observed.  The  differences  of  these  two  isc-dynamics  will  be  discussed. 

For  the  reaction  of  NH(a'A)  with  CU4,  CiU|,  CsH|  and  C4H10,  which  proceed 
with  rate  constants  in  the  range  0.18  <  k  •  10'*  cm*  mol'*  s**  £  3.2  the  chemical 
reaction  was  found  to  be  the  dominant  channel;  the  intersystem  crossing  contributes 
less  than  1%.  The  chemical  reaction  follows  the  insertion  pathway  on  the  lowest 
singlett  surface  with  Nil]  as  a  decomposition  product.  The  same  dynamics  is  observed 
for  the  interaction  of  NH(a*A)  with  Nil),  which  reacts  with  a  rate  constant  k  a  8.0  • 
10'*  cm*/mol*s. 

For  the  unsaturated  hydrocarbons  like  C1H4,  C)H|  and  C4H1,  which  react  with 
rates  in  the  range  5.1  <  k*10'*  cm*/mol>s  <  8.0,  the  chemical  reaction  is  also  the 
dominant  patliway,  but  competition  between  the  insertion  of  NH(a>A)  into  the 
Cil-bond  and  addition  to  the  double  bond  occurs.  The  measured  product  distributions 
arc  discussed. 
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GKNKRATIIIN  OF  Xc*  ATOMS  AND  ZoUal*  SXCIHERS  IN  ACTIVE  NITROGEN 
Anatoly  M.  I’ravilov,  Ludnila  G.  Snirnova  and  Andrei  F.  Vilcsov 
Inslilulc  of  Physics,  Leningrad  State  University,  Leningrad,  lOSOOd,  USSR 

Excitation  of  Xe  atons  as  third  body  in  the  process  of  N(^S)  atoms 
recombination  was  studied  in  our  recent  work^^),  where  Xe{Gp)  states  were 
monitored  via  the  Xc{6p}  — >  Xc{6s}  emission.  Xe{6p}  levels  lying  close  to 
the  Ni  dissociation  limit  arc  directly  excited  in  the  process  of  three  body 
recombination,  while  excitation  of  lower  Xe  levels  involves  energy  transfer 
from  the  excited  nitrogen  molecules,  stabilised  by  vibrational  relaxation. 
(«) 

N(<S)  ♦  N(<S)  — >  N,*  (1) 

Ht*  ♦  Xe  — >  H,(X,v)  +  Xe*({6p},{0s},{0s*})  (2) 

In  the  present  work  kinetics  and  yield  of  Xe  atoms  excitation  was 
studied  using  emission  of  XcCl*  (XeF*)  cxcimers  formed  in  reaction; 

Xe*  ♦  Gl,(CCl4,  NF,)  — >  XcCl*(XcF*)  ♦  Cl(CCls,NF|)  (U) 

as  a  marker  for  Xc*  motastablc  states.  This  method  permits  to  obtainc  the 
total  yield  of  Xc  excitation  in  reactions  (1,2),  which  is  basically 
associated  with  Xc{08}  states  formation.  Tcrmolccular  rate  constants  for  Xc 
excitation  in  reactions  (1,2)  were  found  to  be  ;  k|,]  s  0.41,  0.80  and  1.1 
(units,  10'**  cm's*')  for  M  s  lie,  Ar  and  Xe  carriers  respectively.  Thus 
studied  system  manifests  itself  as  having  high  yield  for  convertion  of 
chemical  energy,  released  in  the  process  of  recombination  into  energy  of 
excited  Xc  atoms  or  excimers,  which  can  be  of  interest  for  applications. 

XcF*  production  was  also  found  when  XeP}  was  added  to  active  nitrogen. 
XcF*  formation  in  this  case  involves  dissociative  electronic  energy 
transfer  from  Hj*  formed  in  reaction  (1)  to  XcFj. 

N,'  +  XcF,  — >  N,(X,v)  ♦  XcF*  ♦  F  (4) 

XcF*  excimers  formation  were  monitored  via  their  emission  in  the  UV  range. 
Tcrmolccular  rate  constant  for  XcF*  excitation  in  reactions  (1,4)  was 
estimated  to  bo  k|,4  =  10'*'  cm's''  for  M  =  He. 

(1)  U.V, Ivanov,  A.M.Pravilov,  L.G. Smirnova  and  A. F. Vilcsov,  J.Photochcm. 
Photobiol.A-.Chem.,  54  (1000)  130. 
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STATE-RESOLVED  PHOTOFRAGMENT  EXCITATION  SPECT'ROSCOPY  OF  NOj 
NEAR  PIIOTODISSOCIATION  THRESHOLD 

J.  Miyawaki,  K.  Yamanouchi  and  S.  Ikuclilva 

Department  of  Pure  and  Applied  Sciences,  College  of  Arts  and  Sciences,  Tlic  University  of 
Ibkyo,  Knmaba,  Meguro-ku,  Tokyo  153,  Japan 

Pholofrttgment  excitatiun(PHOFEX)  spectra  of  NOj  hv-^  NO(*Hyj,  vsO,  j)  +  O(’Pj) 
were  observed  by  detecting  0  or  NO  in  respective  quantum  levels.  The  initial  rotational  state 
of  parent  NOj  was  limited  to  the  ground  level  by  cooling  it  in  a  supersonic  jet.  PHOFEX 
spectra  are  composed  of  a  line  structure  whose  line-width  is  broadened  homogeneously  due 
to  the  dissociation  reaction.  Tliis  implies  that  NO,  predissociutes  through  a  quasi-bound  state 
of  vibronicully  excited  levels.  The  branching  ratios  to  produce  O(^Pj)  in  three  spin-orbit 
sublevels  arc  consistent  with  those  predicted  by  a  restricted  statistical  distribution  modcl.l'> 

An  example  of  PHOFEX  spectra  observed  by  detecting  NO(^n^,vs0J)  is  shown  in  Fig.  I. 
Near  the  dissociation  threshold  where  NO  is  produced  only  in  the  lowest  rotational  level,  the 
predissociution  nite  is  estimuted  to  be  9x10' s*'  from  tiic  line-width.  In  tlie  piioton  energies 
which  allows  production  of  NO  in  both  j>t).S  and  1.5,  tlie  line-width  is  broader  to  be  around 
0.15  cm*'  which  corresponds  to  the  rate  of  3x10'° s*'.  Tiicse  values  are  close  to  those  expect¬ 
ed  by  the  statistical  theory.  However,  the  rotational  population  ratio  is  fnr  from  tlie  statistical 
expectation.  Tiic  photodissociation  dynamics  will  Iw  discussed  on  the  basis  of  tlicse  results. 


WAVENUMBER  /crTfl 


Fig.  1  PHOFEX  spectra  observed 
througli  detection  of  NO(^n^, 
vs0,j»0.5  and  1.5). 

Dissociation  thresliold  »  25130.6  cm''. 


(1)  J.  Miyawaki,  K.  Yamaiiouclii  and  S. 'Ikuchiya:  Clicm.  Pliys.  Lett,  in  prc.ss. 
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Reaction  chiaique  photolndulte  dans  le  coaplexe 
de  van  dec  aaals  NO^-C^U^ 

J. C.  Loison,  C.  Dedonder-Lardeux,  C.  Jouvet  and  0.  Solgadi 
Laboratoire  de  Photophyslque  Holdculalre  du  CNRS 
Bat  213  University  de  Paris  Sud.  91405  Orsay  Cedes.  FRANCE 

La  photodisaoclation  da  NO^  dans  la  eonplaxe  N02-C2H^ 
excitd  h  3SS  nn  at  266  na  conduit  &  la  £onaation  du  radical 
vlnoxy  (CHjCIIO*).  Catta  cAaetlon  photoehlnlqua  dans  un 
conplaxa  da  van  dar  Waals  peut  Atra  consldAcAa  eoaaa 
I'analbqua  da  la  cAaotlon  colllslonnalla  0(^P)  +  ,  aals 

avao  une  qdoaatrla  flxa  dans  la  vola  d'antcAa. 

Quand  NO.  dans  la  conplaxa  ast  photodlssoelA  k  355  na, 
la  cAactlon  ast  axoAnarqatlqua  (6000  on  ),  aals  on  observe 
une  distribution  d'Anargla  Interna,  rotatlonnalla  (e*m  s 
150  cn**^)  at  vlbcatlonnella  (E«ik  s  300  cn"^),  trolde  at  non 
statlstlqua . 

Quand  la  longueur  d'onda  da  photolysa  ast  266  nm,  la 
distribution  d'Anargla  dans  CH^CHO*  ast  tou jours  frolda 
rotatlonnallenant,  aals  on  trouva  plus  d'Anargla 
vlbratlonnalla.  La  distribution  d'Anargla  Interna  ast 
IntacprAtAa  avac  un  nodAla  InpulslC  k  I'Atat  de  transition. 

La  distribution  d'Anarqla  internre  du  vlnoxy  prodult 
par  collisions  an  phase  gazause  de  0(^P),  Issu  de  la 
photodisaoclation  da  NO^,  avao  C2H^>  ast  rotatlonnallenant 
at  vlbratlonnelleaant  plus  chauda  qua  calle  obtanua  dans  la 
complaxa.  Cette  difference  antra  rAaotlon  dans  la  conplaxa 
at  rAactlon  colllslonnalla  peut  Atre  dOa  A: 

-la  sAlectlon  da  la  gAonAtrle  dans  la  vole  d'entrAe  qul  peut 
donner  lieu,  dans  le  complaxa,  A  une  selectivitA  dans  le 
prodult 

-I'agrAgatlon  peut  Atre  responsable  du  refroldlssement  du 
prodult  final  (blen  qu'aucune  expArlence  n'alt  mis  en 
Avldence  ces  agrAgats) 

-deux  nAcanlsmes  dlffArents  peuvent  Atre  actifs  en  collision 
comme  le  suggAre  la  dApendance  en  pression  de  la  vltesse  de 
rAactlon. 


PtIOTO  INDUCED  CHEMICAL  REACTION  IN  1HE  N02"C2H4 
VAN  DER  WAALS  COMPLEX 

J.C.  Loison,  C.  Dedonder^Lardeux,  C.  Jouvet  and  D,  Solgadl 

Laboratoire  de  Photophysique  Moliculaire  du  CNRS 

Bat  213  University  de  Paris  Sud,  91405  Orsay  Cedex.  FRANCE 

The  photodissociation  of  NO^  in  the  N02*‘C2H^  complex 
excited  at  355  nm  and  266  nm  leads  to  the  formation  of  the 
vinoxy  radical  CII^CKO* .  This  photoreaction  in  a  van  der 
Waals  complex  can  be  considered  as  the  analogous  of  the 
colllsional  reaction  0(  P)  >  but  with  a  restricted 

geometry  in  the  entrance  channel.  The  product  energy 
distribution  is  monitored  by  laser  induced  fluorescence. 

When  the  NO.  in  the  complex  is  photodissociated  with  355 

^  *•! 
nm,  the  reaction  is  exoenergetic  by  6000  cm  ,  but  a  cold 

nonstatlstloal  rotational  (E>m  s  150  cm'*^)  and  vibrational 

(E«i»  s  300  cm"^)  stats  distribution  is  observed.  When  the 

photolysis  wavelength  is  set  at  266  nm,the  vinoxy  product 

energy  distribution  is  still  rotationally  cold,  but  more 

energy  is  found  in  vibration.  The  internal  energy 

distribution  is  analyzed  through  an  impulsive  model  in  a 

late  transition  state. 

The  energy  distribution  in  the  vinoxy  product  obtained 
in  gas  phase  collisions  using  0(  P)  issued  from  the 
photodissociation  of  NO2  colliding  with  C2H^,  is  rotationally 
and  vibrationally  hoter  than  that  obtained  in  the  complex. 
This  difference  between  the  reaction  in  the  complex  and  the 
colllsional  reaction  can  be  due  to  several  reasons: 

-the  entrance  channel  geometry  selection  in  the  complex  may 
give  rise  to  the  selectivity  in  the  product 
-clusterisation  may  be  responsible  for  the  cooling  in  the 
final  product  (although  no  experimental  evidence  for  large 
clusterisation  is  observed) 

-two  different  mechanisms  may  be  active  in  collisions  as 
suggested  by  the  pressure  dependence  of  the  reaction  rate. 
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FORMATION  OF  ELECTRONICALLY  EXCITED  NH(A)  IN  THE  VUV  PHOTOLYSIS 
OF  NxHy  SYSTEMS  INCLUDING  NH2-RADICALS 

II.  Bichl  and  F.  Stuhl 

t’liysikulischc  Chcinic  I,  Ruhr*Univcrsitiit  Docliuin, 

D-4630  Bochum  Federal  Republic  of  Germany 

Ab  itiiiio  calculations  by  Saxon  ct  al.  0  have  predicted  an  NI I2  transition  to  the  (2^A  1) 
state  lending  to  the  fonnation  of  electronically  excited  NII(A)  and  U.  Tlie  corresponding 
absorption  is  given  to  occur  at  around  160  mn.O  It  has  been  previously  shown  in  our 
laboratory,  that  NII3  is  photodissociated  by  ArF-exciiner-laser  light  to  yield  rotationally 
excited  NII2  radicals  in  the  ground  state.^)  Tliesc  highly  rotating  radicals  thereafter  absorb  a 
second  photon  from  the  same  unfocussed  laser  pulse  to  generate  indeed  NI!(A3n,vsO  and  1) 
radicals.  Practically  all  the  excess  energy  from  the  First  photolysis  step  is  carried  over  to  the 
NII2  fragment  making  its  photolysis  just  possible  at  the  relatively  long  wavelength  of  193  nm 
(ArlO. 

For  the  photolysis  study  of  ground  state  NIl2(5c^O|)  witliuut  internal  excitation  we 
have  generated  the  radicals  in  flow  systems  by  the  reactions  (I)  II  +  N2II4  -+  N2H3  +  H2 
followed  by  H  +  N2II3  -» 2  NH2  and  by  (11)  F  +  NII3  NII2  + 1  IF.  As  a  tunable  vuv  light 
source  (lOS  -  200  nm),  we  have  used  the  Berlin  electron  storage  ring  (BESSY)  using  a  beam 
line  equipped  with  a  Im  Seya  Namioka  monochromator.  In  addition,  Fixed  vuv  rare  gas 
resonance  lines  were  used.  NH(A)  radicals  were  detected  by  their  (A  -»  X)  transition  to  the 
ground  state.  Unfortunately  such  flow  systems  contain  a  number  of  N^Hy  species  capable  of 
producing  NH(A).  In  order  to  discriminate  die  observed  fluorescence  against  tliat  from  NM2, 
we  have  First  studied  absorption  and  excitation  spectra  of  N2II4  and  N2H2,  because  these  two 
molecules  are  possibly  common  to  both  flow  systems  due  to  NH2  reactions.  Tlic  remaining 
NII(A)  emission  is  then  attributed  to  tlie  photolysis  of  NH2. 

In  this  work,  we  report  excitation  spectra  for  the  fonnation  of  NH(A)  from  NII2, 
N2H2>  ttnd  N2H4.  Furthermore  the  absorption  spectrum  of  N2II4  has  been  reinvestigated  in 
the  light  of  recent  ab  initio  calculations.^) 

Tliis  work  has  been  supported  by  BMFT  under  the  grant  no.  05  432FB  10 
References; 

1.  R.  P.  Saxon,  B.  H.  LengsFicId  III,  and  B.  Liu.  J.  Phys.  78, 312  (1983). 

2.  R.  D.  Kenner,  F.  Rohrer,  R.  K.  Browarzikj  A.  Kites,  and  F.  Stuhl,  Chem.  Phy.s,  118,  141 
(1987). 

3.  V.  Stacmniler,  Acta  Physica  Polonica  A74, 331  (1988). 
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PHOTOCHEMISTRY  OP  METHYLACETYLENE  AT  193NM 
Kanekazu  SEKI  and  Hideo  OKABE 

Department  of  Chem.,  Howard  Univ.  Washington  DC  20059  (USA) 

Methylacetylene  (HA)  was  found  in  Interstellar  clouds  and 
the  Titan  (a  Saturn's  satellite)  atmosphere.  We  have  investigated 
the  photochemistry  of  MA  at  193  nm  using  FTIR  spectrometer  for 
product  analysis.  The  quantum  yields  of  acetylene  and  the 
disappearance  of  MA  were  measured  at  MA  pressures  in  the  range 
0.1-10  Torr.  The  photolysis  of  mixtures  of  MA  and  other  gases 
(Cl,,Ar)  was  performed. 

Acetylene  was  a  main  product  of  the  photolysis.  The  quantum 
yield  was  0.1  above  2  Torr  of  MA  pressure.  Below  2  Torr  the  value 
gradually  rose  up  to  0.24  at  0.3  Torr.  This  result  support  the 


following  mechanism 

CH,C,H  +  hv  — >  CH,  +  C,H,  (A) 

CH,C,H  +  hv  — — >  c,H,  +  H  (B) 

followed  by 

CH,C,H  +  H  >  C,H»*  (C) 

C,H,*  +  M  - >  C,H,  (D) 

C,H.‘  - >  CH,  +  C,Ha  (E). 


Reaction  (C)  is  affected  by  MA  pressure  but  (A)  is  not. 
Therefore  The  quantum  yield  of  0.1  is  ascribed  on  Channel  (A). 
An  increase  of  the  quantum  yield  of  acetylene  is  based  on  Channel 
(B),(C)  and  (E).  In  the  presence  of  90  Torr  Ar  at  a  MA  pressure 
0.3  Torr  the  quantum  yield  of  acetylene  was  0.12.  The  presence 
of  Ar  reduces  the  quantum  yield  of  acetylene, that  is  C,H,‘  is 
stabilized  by  the  collision  of  Ar.  Reaction  (D)  was  suggested  by 
L.J.  Stief  et.  al."’  at  147nm  photolysis.  They  showed  that  the 
main  reaction  of  methylacetylene  photolysis  was  (D).  The  C,H, 
was,  however,  not  clearly  assigned  to  CH,CC  or  CH2CCH.  We  could 
show  that  The  C,H,  was  CH,CC,  because  CH2C1CCH  was  not  found  at 
the  pnotolysis  of  MA  including  Cl,. 


(l)L.J.Stief ,V.J.Decarlo  and  W.A.Pnyne,J.Chem. Phys . 54 , 1913 ( 1971 ) . 
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INVESTIGATIONS  OF  THE  ONE  AND  TWO  PHOTON  DISSOCIATION 

OP  KETENE 

S.  M.  Ball,  G.  Hancock,  R.  Heal  and  D.  J.  McGanrcy 
Oxford  Centre  for  Applied  Kinetics,  Physical  Chemistry  Laboratory, 

Oxford  University,  South  Parks  Road,  Oxford,  0X1  SQZ.  U.K. 

1) .  Laser  flash  kinetic  absorption  spectroscopy  has  been  used  to  monitor  tlie 
temperature  variation  in  the  collisional  removal  of  the  CHj  (4  *Ai)  radical  produced  via 
the  one— photon  pulsed  photolysis  of  ketene  (CHjCO)  at  308  nm.  For  the  reaction  of 
'CHi  vrith  NO  and  Hi  there  was  no  significant  deviation  in  removal  rate  constant  from 
the  measured  room  temperature  values  of  1.6  and  1.0  x  10*'*  cm*  molecule  *  s  ‘ 
respectively.  Quenching  by  Ar  can  proceed  only  via  the  spin-forbidden  collision  induced 
intersystem  crossing  (ISC)  to  the  ground  electronic  state  (X  *Bi)  and  for  tliis  process  the 
rate  constant  was  observed  to  rise  by  about  50  %  from  its  room  temperature  value  to 
7.6  X  10*'*  cm*  molecule*'  s*'  at  431 K.  The  mixed  state  model  for  ISC  was  used  to 
explain  the  increase  in  quenching  rate  for  Ar  by  calculating  the  variation  in  the 
fractional  Boltzmann  population  of  certain  perturbed  levels  in  the  singlet  manifold  that 
act  as  "doorway"  states  for  energy  transfer  into  corresponding  triplet  manifold 
perturbed  levels'. 

2) .  In  a  second  experiment  the  ground  state  CH  radical  (X  *11)  was  produced  by  the 
two-photon  photodissociation  of  ketene  at  279  nm  and  detected  by  laser  induced 
fluorescence  in  the  R— branch  region  of  the  A  *A X  *11  transition.  The  presence  of  a 
lairge  excess  pressure  of  inert  bath  gas  Ar  was  observed  to  always  produce  a  propensity 
in  populatiou  of  the  A— doublet  pairs  for  higher  rotational  levels  (N"  >11)  with  the  Ar 
appearing  to  preferentially  quench  to  states  of  A"  symmetry.  The  nascent  n(A")/n(A') 
propensity  ratio  in  photodissodation  was  found  to  be  1.0  and  rises  to  a  constant  value  of 
between  1.8  and  2.0  as  the  Ar  pressure  or  probe  delay  was  increased.  Altering  the 
relative  polarisation  vectors  of  the  photolysis  and  probe  lasers  produced  no  change  in 
observed  A— doublet  behaviour  and  indicates  that  there  is  little  preferential  alignment  of 
the  CII  rotating  plane  on  photolysis.  Recent  theory  describes  collisions  with  closed  shell 
atoms  using  average  and  difference  potential  surfaces.  Wavefunction  mixing  between  the 
spin-orbit  manifolds  leads  to  interference  bevween  the  scattering  amplitudes  of  these 
potentials  and  the  symmetry  bias  in  the  final  stale  depends  on  their  relative  signs. 

(1).  P.  Biggs,  G.  Hancock,  M.  R.  Ileal,  D.  J.  McGarvey  and  A.  D.  Parr, 
Chem.  Phys.  Letts.,  in  press. 
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MODn-SELliCnVE  nOND  FISSION  IN  FUNDAMENTAL  STRETCHINGS  OF  1  lOD 
I.  Fiir.  Y.  Cohen,  D.  Dnvid,  T.  Arusi-Parpar,  S.  Rosenwaks  and  James  J.  Valcnlini^ 
Department  of  Physics,  Den<Gurion  University  of  the  Negev,  Beer'Sheva  84105,  Israel 
^  Department  of  Chemistry,  Columbia  University,  New  York,  NY  10027 


Stitmilnted  Raman  excitation  and  coherent  anti-Stokes  Raman  scattering  prepare  and 
detect,  respectively,  HOD  moleatles  with  one  quantum  of  vibrational  excitation  in  the  0>H  or 
0-D  stretch  vibrations.  Ttiis  selective  vibrational  excitation  prepares  densities  of  tite  excited 
molecules  in  particular  rotational  levels  that  are  sufficient  for  molecular  reaction  dynamics 
studies.  An  ArF  excimer  laser  at  193  nm  promotes  vibrationally  excited  molecules  to  the  first 
electronic  surface  A(l  B  i)  where  they  dissociate  to  produce  OH  +  D  or  OD  -f  1 1  fnigments.  Tlte 
photodissociation  products  OD  and  OH  are  detected  via  laser  induced  fluorescence.  Tlie 
phfliodissociatior.  of  the  O-II  stretching,  HOD  (0,0,1),  produces  the  fragments  more 
efncieiiity  titan  tlte  pliotodissociation  of  vibrationless  molecules,  but  it  produces  OD  2.S  ±  0.S 
times  more  than  OH,  In  the  pliotodissociation  of  the  O-D  stretching,  MOD  (1,0,0),  no 
eiiliancemcnt  of  tlte  yield  of  the  fragments  is  obtained. 

Tlte  initially  selected  low  energy  vibrational  state  enitances  the  pliotodissociation  cross 
section  relative  to  vibrationless  molecules,  and  this  effect  is  vibrational  mode  specific.  Also, 
ihc.se  results  demonstrate  that  bond  cle.ivage  does  nut  necessarily  occur  on  the  weakened 
bond,  and  they  agree  with  ilieorriical  calcuInlionsO'^)  indicating  that  the  yield  of  OD  and  01 1 
fragmeitls  depends  on  the  Franck-Condon  overlap  of  the  vibrational  wavefunciion  with  the 
repulsive  surface  of  the  upper  state.  Our  results  show  that  even  the  very  lowest  possible  level 
of  vibrational  excitation  can  be  "!'*vcragcir  to  effect  selective  bond  breaking. 


(1)  V.  Engel  and  R.  .Schinke,  J.  Client.  Pliys.  88, 6K31,  (1988). 

(2)  D.G.  Imre  and  J.  Zhang,  Chem.  Phys.  139,  89  (1989);  J.  Zhang,  D.G.Inire  and 
J.ll.  Frederick,  J.  Phys.  Chem.  93,  1840  (1989). 
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UEACnON  MECHANISMS  IN  INFRARED  MULTIPIIOTON 
DISSOCIATION  OF  UFg  AND  ZIRCONIUM  ALKOXIDE  COMPOUND 

Ynsliiki  OkmIa.  Sliuji  Kaio.  Sakac  Salooka,  Hidco  Tasliiro  and  Ka/.uo  Takcuchl 
The  InslUiilc  of  Physical  and  Chemical  Research,  2-1  Ilirosawa  Wako-shi 
Saitaina,  351-01  (Japan) 

The  isoiopically  scleciivc  mulliphoton  dissociation  of  UFg  with  16  pm  Raman 

lasers  is  used  for  the  isotope  separation  of  uranium^*).  In  the  infrared 
mulliphoton  dissociation  (IRMPD)  of  UFs.  primary  dissociation  of  UF5  occurs  via 

the  following  reactions; 

«=ufj-!)!2L^»'uF5+F,  (1) 

!1»UF6  ”*UF5+  F  .  (2) 

Wc  investigated  the  radical  reaction  mechanisms  in  the  16  pm  p-llj  Raman  laser- 
induced  IRMPD  of  UF(5  cooled  U>  -35  °C  in  the  presence  of  F-atom  scavenger  gases. 
When  CII4  was  added  as  a  scavenger  of  F-atom,  the  dissociation  rale  of  UFg  became 

tens  of  times  larger  than  when  no  scavenger  gas  was  added.  The  reverse  reactions 
of  Cqs.  (1)  and  (2),  i.  e,  the  recombination  of  UF3  and  F-atom,  were  inhibited  by  the 
addition  of  CH4.  Gas-chromatographic  measurements  of  the  irradiation  products 
revealed  that  as  low  as  7%  of  the  nascent  CH3  radicals  were  involved  in  the  radical 
reaction  with  UF^.  When  H2  or  C2H6  was  added  as  a  scavenger  gas,  both  the 
dissociation  rale  of  UFg  and  the  contribution  of  the  isotopically  non-sclcctivc 
reaction  with  UF(3  increased. 

The  isotopically  selective  IRMPD  of  zirconium  alkoxidc  compounds  with  CO2 

laser  is  used  for  the  isotope  separation  of  zirconium(^)^^\  The  reaction 
mechanisms  in  the  TEA  CO2  laser-induced  IRMPD  of  zirconium  alkozidcs,  however, 
is  not  known.  To  investigate  the  reaction  mechanism  in  the  CO2  laser-induced 
IRMPD  of  zirconium  tcira-t«/'/-buto*idc  (Zr(r-OC4ll9)4),  wc  analyzed  the  chemical 
structure  of  the  dissociation  product  by  fast  atom  bombardment  mass 
.spectrometry,  infrared  absorption  spectroscopy,  Raman  spectroscopy  and  nuclear 
magnetic  resonance  measurements.  From  the  results,  we  could  surmi.se  a  reaction 
mechanism  in  IRMPD  of  Zr(r-OC4ll9)4. 

(1)  Takeuchi,  K.,  cl  al.  :  J.  Nucl.  Sci.  Tcchnol.,  26,  301  (1989). 

(2)  Lahoda,  0.  :  Proc.  Second  Isotope  Separation  Workshop,  74  (1985). 

(3)  Okada,  Y.,  el  al.  :  Spcclrochimica  Acta,  46 A,  643  (1990). 
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REMPI  MASS  SPECTRUM  OF  THE  OH  RADICAL  IN  THE  GAS  PHASE 

R.  Forster,  H.  Hippier,  K.  Hoyurinann,  G.'  Rohde 
Institut  rUr  Physlkalische  Chemie  dcr  Unlversltiit  Gottincen 
Tnmmannstrasse  6,  D~3'I00  G6ttiii|>cn 
Lawrence  B.  Hardlnu 

Theoretical  Chemistio’  Group,  Chemistry  Division 
Argonne  National  Laboratory,  Ar|>onnc,  IL  60>I39 


Tlie  resonance  enhanced  multiphoton  ionization  (RUiVIPI)  oT  the  Oil  raciicai  in 
the  i>as  phase  was  studied  usinu  an  isothermal  dischari’c  Flow  reactor  for  tiie 
production  of  Oil  radicals  (H  ♦  NO^  — »  OH  ♦  NO),  tunable  laser  light  from  an 
cNcImur  pumped  dye  laser  and  a  time-of-flinl»t  (TOF)  mass  spectrometer.  A 
mass  resolved  REMPI  spectrum  was  found  In  tlte  wavelength  region  of  2')0  - 
310  nm,  wtiich  Is  assigned  to  a  (3  «  1)  ionization  process.  An  ab  initio  quantum 
chemical  calculation  predicts  the  Rydberg  state,  verified  by  the  e.'cpcriment. 
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UV  MULTIPHOTON  EXCITATION  STUDY  OF  THE  DYNAMICS 
OF  VIBRATIONALLY  EXCITED  BENZYL  RADICALS 

M.  Damm.  F.  Deckort,  H.  Hippier  and  J.  Troe 
Instltut  fUr  Fhyslkalische  Chemle  dar  Universlt&t  COttlngen, 
Tammannstrape  6,  3400  Gottingen,  Germany 

Vibrationally  highly  excited  benzyl  radicals  in  the  electronic 
ground  state  are  prepared  by  UV  absorption  followed  by  fast 
internal  conversion.  The  UV  photodissociation  of  precursors 
like  ethylbenzene  yields  vibrationally  excited  benzyl  radicals 
which  are  deactivated  by  collisions  with  inert  bath  gas  mole¬ 
cules  before  reexcitation  with  another  photon.  Variing  the 
number  of  deactivating  collisions  between  the  preparation  of 
benzyl  and  the  photoexcitation  the  internal  energy  of  the 
benzyl  radicals  can  be  varied  over  large  ranges.  The  colli- 
sional  deactivation  of  the  benzyl  radicals  is  monitored  by 
time-resolved  UV  absorption  spectroscopy.  It  is  found  that  the 
rate  of  collisional  deactivation  of  benzyl  radicals  agrees 
with  that  of  hydrocarbons  of  similar  slze^.  For  the  highest 
excitation  energies  applied  there  occurs  a  competition  between 
fragmentation  and  collisional  deactivation.  From  the  fragmen¬ 
tation  yields  specific  rate  constants  are  derived  which  are 
compared  with  results  from  a  deconvolution  of  thermal  high 
pressure  rate  constants  as  obtained  from  shock  wave  measure- 
ments^. 

^  K.  Hippier,  J,  Troe,  and  H.J.  Wendelken,  JCP  78,  6709 
^  H.  Hippier,  C.  Relhs,  and  J.  Troe,  Z.  f.  Phys.  Chem. 

Neue  Folge,  1990,  167  ,  1 
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RYDBEnC  STATES  OF  NO  IN  A  MAGNETIC  FIELD 
PROBED  BY  DOUBLE  RESONANCE  MULTIPIIOTON  IONIZATION 


S.CUIZARO,  N. SltAFlZAOEIt,  M.HORANI,  M.RAOULT  and  D.CAUYACQ 
Laboratoire  dc  Photophysique  HolAculalre 
Bit, 213,  University  de  Paris-Sud,  9140S  ORSAY  (France) 


The  perturbation  of  molecular  Rydberg  states  Introduced  by  a  constant 
external  magnetic  field  yields  a  variety  of  different  field  regimes 
depending  on  the  principal  quantum  number,  the  Rydberg  orbital  symmetry  and 
the  rotational  excitation  of  the  Ionic  core. 

The  (E'Tl)  Ionisation  spectrum  of  NO  via  the  resonant  C  and  and  the 
(2+2)  Ionisation  spectrum  via  the  resonant  A^E*(v>0)  state  have  been 
recorded  In  a  IT  external  field.  The  Zeeman  effect  In  the  resonant  state  as 
well  as  the  allgnement  by  the  two-photon  excitation  have  been  calculated  In 
order  to  'inderstand  double  resonance  spectra  on  high  Rydberg  states  via  the 
A  state**'. 

Non  penetrating  nf  (v"l)  states  have  further  been  probed  by  one  photon 

excitation  from  the  two-photon  pumped  A  state  In  the  same  magnetic  field.  Up 

to  n*lS,  only  the  linear  Zeeman  perturbation  has  to  be  taken  Into  account.. 

This  n-lndependent  magnetic  perturbation  competes  with  the  Intramolecular 

long  range  Interactions  which  scale  as  1/n^.  For  the  7f  level,  the 

Intramolecular  field  still  overcomes  the  external  field  giving  rise  to  a 

complex  electronlc-Zeemann  substructure.  For  the  15f  level,  the  anisotropy 

of  the  magnetic  field  overcomes  the  Intramolecular  anisotropy,  and  I  Is 

already  strongly  coupled  to  the  field  axis,  leading  to  the  first  observation 

121 

of  the  Paschen-Back  effect  In  a  molecule 

REFERENCES 

S.  GUIZARD,  N.  SIIAFIZADEH,  D.  CIIAPOULARD,  M.  IIORANI,  D.  GAUYACQ, 
submitted  to  Chem. Phys. 

S.  GUIZARD,  N.  SIIAFIZADEH,  M.  HORANI  and  D.  GAUYACQ,  to  be  published 
In  J.  Chem.  Phys. 
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ETATS  DC  nVUDCnC  DC  NO  CN  CltAHi*  HACNCTIQUC  CXTCKNC  SUNUCS 
PAN  lONSATIOH  MULT I PHOTON IQUC  RESONANTE  ;  ANALYSE  HQOT 


S.  GUIMARD,  N.  SIIAFtEAUOl,  M.  ItORANl,  H.  RAOULT  et  D.  GAUYACQ 
Laboralolre  dc  Photophysique  HoKculalro  du  CNRS 
UAL  213,  Uiilvcrsltc  dc  Parls-Sud,  9H05  ORSAY 


La  perturbation  dcs  4tats  dc  Rydbers  moliculalrcs  par  un  champ 
magnitlquc  externa  constant  prAsente  dos  riglmes  dirPArents  qul  dApendent  du 
nombre  quantlqur  principal,  da  la  synAtrle  do  1‘orbltale  do  Rydberg  et  do 
1' excitation  rotatlonnelle  du  cocur  lonlquo. 


Lcs  spectres  d'  Ionisation  A  une  ou  deux  couleurs  de  NO  via  les  Atats 
rAsonants  A^E*  ou  ont  AtA  cnrcglstrAs  dans  un  champ  magnAtlque  externe 
dc  1  T.  L'effet  Zeeman  dans  I'Atat  rAsonant  alnsl  que  I'aUgnement  par 
excitation  A  deux  photons  ont  AtA  calculAs  afin  d’ InterprAter  les  spectres 
de  double  rAsonance  des  Atats  de  Rydberg  AlevAs  via  I'Atat  A 


Dans  lo  mAmo  champ  magnAtlque,  les  Atats  non  pAnAtrants  nf  (vl)  ont 
AtA  aussl  sondAs  par  une  excitation  A  un  photon  A  partlr  de  I'Atat  A 
lul-mAmo  pompA  par  deux  photons.  Jusqu'A  n'^lS,  seule  la  perturbation  Zeeman 
llnAalre  dolt  Atre  prise  en  compte.  Cette  perturbation  magnAtlque, 
IndApendante  do  n,  est  cn  compAtltlon  avec  lcs  Interactions 
intrair.olAculalrcs  A  longue  portAe  qul  varlcnt  en  1/n  .  Pour  le  niveau  Tf,  le 
champ  IntramolAculalre  domlne  encore  le  champ  externe  donnant  lieu  A  une 
sous-structure  Zeeman-Alectronlque  complexe.  Pour  le  niveau  ISf, 
I'anlsotrople  du  champ  magnAtlque  domlne  1' anlsoLrople  IntramolAculalre,  et 
t  est  alors  fortement  couplA  A  I'axe  du  champ,  condulsant  A  la  premlAre 

(3) 

observation  de  l'effet  Paschen-Back  dans  une  molAcule 
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IR  LASER-INDUCED  DISOOCOIATION  OF  HALOMETIIANES 


J6rg  Wollbrandt,  Werner  Strube,  Hnt.thlas  RoRberg  and 
Eberhard  Linke 

Zentrallnatitut  fOr  physlkaliscbe  Chemie 
Rudowor  Chaussea  5 

D  0-1199  Derlln-Adlerahof ,  Cerraany 

Concentration  and  kinatlca  of  CFi  radicals  genoratecl 
in  the  IR-laser-induced  dissociation  of  halomethanes  at 
pressures  between  10*  and  2*10*  Pa  were  measured  using  a 
special  laser-induced  fluorescence  (LIF) -technique . 

The  technique  yielded  3D  profiles  of  the  concentration 
of  the  CFj  radicals  in  various  vibrational  states  with  a 
spatial  resolution  of  50  pm  at  any  point  in  time  in  the 
range  between  0  and  500  ps.  These  measurements  show  the 
complex  Interaction  between  photolytic  primary  reactions 
and  thermally  Induced  secondary  reactions  of  differently 
excited  dissociation  products  in  dependence  on  laser  flu- 
ence,  gas  type  (CFaCli,  CFallCl,  buffer  gas),  and  gasi  pres¬ 


sure  . 
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HIGH  RYOBEUO  STATES  OF  CO  STUDIED  BY  TRIPLE 
RESONANT  MULTIPIIOTON  IONIZATION  ' 

Takiivuki  Eliiilii.  Nobuki  llosoi  nnil  Milsiio  llo 
Dcpartinunl  of  ClicinLsiryt  Faculty  of  Science 
Tohoku  University,  Sendai  980  (JAPAN) 

We  will  report  the  measurement  of  the  liigh  Rydberg  states  (n  2  8)  of 
jct-euuled  CO  molecule  by  the  triple  resonant  multlpiioton  ionization 
spectroscopy.  Though  CO  is  one  of  the  simplest  diatomic  molecules,  its 
highly  excited  states  have  not  yet  been  fully  investigated.  In  one- 
photon  vuv  absorption  spectrum,  Ogawa  and  Ogawa  identified  the  npa 
series  converging  to  the  ground  state  of  CO'^  ion  and  several  other 
Rydberg  states  of  low  principal  quantum  number,  but  the  analysis  of  the 
rotational  structure  is  attempted  only  up  4p  state.  Other  groups  have 
also  performed  the  observation  of  Rydberg  states  but  of  only  low 
principal  quantum  number  (n  s  5). 

For  the  detailed  study  of  the  congested  high  Rydberg  states,  it  is 

necessary  to  simplify  the  spectrum  ns  possible  as  we  can.  Figure  1 

shows  the  excitation  scheme  in  the  present  experiment.  The  first  laser 

light(vi)  excites  the  jcl-coolcd  CO  to  the  A^flCvad)  state  by  two-photon 

absorption.  Second  laser  lighl(v2)  pumps  I  - 

the  A  state  molecules  to  a  single  rotational  \ 

level  of  the  second  intermediate  state,  3su  naozo.r - y.ivShnt^  ip 

B*J:+  (v=1)  or  3puC*I+ (vol).  Third  laser  \ 

'00000 -  \  /  (B3$o'i*) 

light(v3)  further  excites  from  the  B(or  C)  v/v.i 

state  to  high  Rydberg  stales  converging  to  . 

the  ionic  slate  with  vibrational  level 

\=rv*< 

of  val.  Four  Rydberg  scries(ns,  np,  nd  and  ^ 

nf)  of  v»l  level  were  clearly  identified  and  ****** 
their  rotational  structures  will  be  presented. 

We  also  observed  anomalous  feature  of  the  ^**** 
rolalionul  structure  in  the  spectra  of  the  .  ''i 

np-slalcs  and  this  feature  can  be  explained  I  ^  x'x’ 

as  due  to  the  admixture  of  several  orbital  \  / 

characters  in  the  D  and  C  stales.  °  ''*® 

Figure  I 
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REACTIONS  OF  ORGANIC  AND  INORGANIC  CLUSTERS  WITH  METAL  IONS  AS  STUDIED  BY 
LASER  ABLATION-MOLECULAR  BEAM  METHOD 

lllroyasu  Sato.  Hlaanorl  Shlnohara,  Makoto  Kobayashl.  tllroBhi  Hlgashlde  and 

Takaakt  Xaya 

Dept,  of  Chem.  for  HaterialSt  Fac.  of  Eng.,  Ml* a  Unlv.,  Tsu  S14  (Japan) 


In  the  laser  ablation-molecular  beam  method  developed  by  the  authors, 
metal  Ions  laser-ablated  from  metal  surfaces  are  allowed  to  react  with 
inorganic,  organic  or  orgonometalllc  molecules  (and/or  culsters)  in  a 
molecular  beam  injected  nearby.  A  variety  of  novel  product  ions  are  formed, 
as  probed  by  a  quadrupole  spectrophotometer.  The  present  lecture  addresses 
the  reactions  of  metal  ions  with  either  of  inorganic  (amnonia)  or  organic 
( benzene clusters  in  the  molecular  beam.  In  the  former  case,  either  of 
clustered  complex  ions  M^(NHj)^  or  fragment  complex  ions 
formed  depending  on  the  identity  of  metal  ions.  Elimination  of  H2  (or  2H) 
occurs  in  the  ions  of  the  latter  type.  For  bencene  clusters,  either  of 
clustered  complex  ions  or  fragment  complex  ions  M^(CgHg) (Cj^Hy ) 

are  obtained  depending  on  the  identity  of  metals.  Elimination  of  H2  (or  2H) 
or  small  hydrocarbon  molecules  occurs  in  this  case  in  the  formation  of 
fragment  complex  ions.  Mechanisms  of  formation  of  these  ions  are  discussed. 


Table  1.  Clustered  complex  ions  observed  for  H'*’  (NH3)„  reactions 


M^  (NH 

3)n-typc 

M''(NH)„(NH3)n-type 

«m^(NI'3)n'type 

19 

mmi 

Ti+  Ti+(NH3)„,  n-2-10 

Sb'^(Nll3)n,  n-1-6 

■9 

KB 

TiNH(Nll3)„,  n-0-3 

Sb2'^NH3 

9B 

V+  V+(NH3)n,  n-1-19 

Bnfl 

V+NH 

Fe*' 

10 

Nl)^  Nl>'(Nll3)„,  n-2-14 

Co+ 

14 

Nb+NII(NH3)n,  n-0-2 

Nx"*" 

10 

Nb*(NH)2(Nll3)„,  n-0,1 

Cu+ 

15 

Ta'*  Ta+(NH3)n,  n»2-G 

Ag+ 

13 

Ta%H(NH3)„,  n»0-6 

In'*' 

15 

Ta+(NII)2(Nll3)n,  n»0,l 
Ta"(NH)3 

<1)  Briefly  reported  ins  H.  Iligashide,  T.  Kaya,  M.  Kobaynshi,  H.  Shinohara 
and  II.  Sato,  Chem.  Phys.  Lett.,  171,  297  (1990). 
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CltKUiiACE  UK  TKOUS  SrECl'KAUX  DANS  LA  I'LUOUESCENCC 
UE  UEKIVES  ANTIIKACENIQUES  EN  JET  SUI’EKSONIQUE* 

Jcrty  SEIMOL  and  Fraiifolu  LAIIMANI 
Laboratoire  do  Pliotopliysique  Moldculaire,  CNRS 
UnivcrsUd  do  raris>Sud,  91405  OKSAY  Codex  (rrance) 


Une  technique  pontpe-sonde  do  creusago  de  trous  spectraux  (hole  burning)  dans  les 
motdculei  et  les  complexes  refroidis  en  jot  supersonique,  diveloppde  rdcemment(l>2)  a  did 
appliqude  avec  succds  &  quelques  ddrivds  de  Tanthracdne.  Cette  technique  exploite  to  fait  que 
seulement  une  partie  dcs  espdees  pr dsentes  dans  te  jet  et  qul  sont  excildes  diectroniquement  par  une 
impulsion  laser  pompe,  relourne  rapidement  ft  I'dlal  fondamental  initial.  La  diminution  de  In 
population  del’dtat  fondamental  de  respdcesdteetionnde  pnrie  laser  pompe  apparait  comma  untrou 
dans  le  signal  de  fluorescence  rdsuttani  de  I'excitation  de  la  mdme  espdee  par  le  laser  sonde  rclardd 
dans  le  temps. 

i.0  9>methoxyanthracdne  (A*0-Cllt),  scs  complexes  aveedes  alcoolset  le  bis  9-unihryl  (A- 
O-Cllx-O-A)  ont  did  diudids.  L'cxisienca  do  diffdrenis  isomdres  a  dtd  ddmuntrde  pour  les 
complexes  de  A-O-CI  Ij  avec  les  alcoots.  Dans  le  cas  du  bi-anihryl  A>0>CI  lfO>A,  il  a  did  monird 
que  la  structure  vibronique  compliqude  apparaissant  ft  Torigino  du  spectre  d'excilation  de  la 
fluorescence  apparicnait  ft  un  scul  conformcre.  De  plus,  nlors  que  le  spectre  d’excitalion  de  lu 
fluorescence  no  prdsenlc  plus  de  structure  ft  ISO  cm*'  au-dcssus  de  I'origine,  la  transition 
vibronique  cnracldrislique  du  noyau  anthraednique  ft  385  cm*'  o  dtd  ddteetde  par  cctle  technique. 
Cette  observation  montre  qu'un  processus  pholochimique  rapide  a  eu  lieu  pour  cette  faible  dncrgic 
en  exeds.  Ces  rdsullats  monirent  que  cette  technique  peut  dtre  appliqude  ft  la  speciroscopie  sdleciivc 
d'isomcrcs  et  ft  I'diudc  d'diats  superieurs  non  fluorescents. 


(1)  K.J.  Liperl  and  .S.D.  Colson,  J.  I'hys.  Cheni.  93  (1989)  3894  i 

(2)  S.A.'  Wilimeycr  and  M.K.  Topp,  Chem.  I'hys.  Letters  163  (1989)  201.  •  > 
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Sl'ECrnAL  HOLE  UUUNINC  OF  ANTIIUACUNE  DEHIVATIVES  IN  A  SUPEUSONIC  JET 


Jerzy  SEPIOL  niid  Frnii(oise  LAI  IMAM 
Laboratoire  de  Photopliysique  Molicutatre,  CNKS 
University  dc  Paris-Sud,  9M0S  ORSAY  Cedex  (France). 


The  pump-probe  technique  of  spectral  hole  burning  in  jet  cooled  molecules  and  complexes 
developed  recently(*>^)  has  been  applied  successfully  to  some  anthracene  derivatives.  The 
technique  exploits  the  fact  that,  only  n  part  of  electronically  excited  molecules  (by  pumping  pulse) 
in  a  jet  relax  fast  back  to  the  initial  ground  state.  A  depletion  of  tlte  ground  state  population  is  seen 
as  a  dip  in  the  fluorescence  signal  resulting  from  the  excitation  of  the  selected  species  by  the 
delayed  probe  pulse. 

The  9-melhoxyanthrncene  (A-0-Cli3),  its  complexes  with  alcohols  and  the  bis-9-anthryl 
(A-O-Clit-O-A)  were  investigated.  The  existence  of  different  isomers  for  complexes  between  A- 
0-Cll]  and  alcohols  has  been  proved.  For  A-O-CilfO-A  it  was  shown  that  the  complicated 
vibronic  pattern  of  the  fluorescence  excitation  spectrum  near  origin,  belongs  only  to  the  one 
conformcric  species.  While  the  vibrational  pattern  of  the  fluorescence  excitation  spectrum 
disappears  at  about  150  cm"*  above  the  origin,  the  characteristic  vibrational  transition  of 
anthracene  ring  at  about  3SS  cm**  was  detected  by  spectral  hole  burning.  This  observation  shows 
that  a  fast  photochemical  process  occurs  already  for  this  small  excess  of  energy.  These  results  show 
that  this  technique,  besides  being  isomer  selective,  allows  to  investigate  higher  non  fluorescing 
electronic  states. 


(1)  R.J.  Lipert  and  S.D.  Colson,  J.  Phys.  Chem.  93  (1989)  3894 

(2)  S.A.  Wittmeyer  and  M.R.  Topp,  chem.  I’hys.  Letters  163  (1989)  263. 
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EXCIPLEX  FORMATION  IN  VAN  DER  VVAALS  COMPLEXES 
llirovuki  Sai^iusa  and  Edward  C,  Lim 

Knight  Cliemical  Laboratory,  The  University  of  Akron,  Akron,  Oliio 

44325-3601,  USA 

An  excited  molecular  complex  of  definite  stoichiometry,  which  is 
dissociated  in  the  ground  state,  is  described  as  an  cxciplex.  The  excited- 
state  wavcfunction  of  a  1:1  exciplex  formed  between  two  molecules  M| 
and  M2  can  be  expressed  by 

y  a a<P(Mi'''M2)  +  bOfMiMi*)  +  c‘l>(M|‘M2’*')+  dd>(Mi+M2‘)- 

In  this  paper,  we  present  the  observation  of  the  following  three 
types  of  exciplexes  formed  in  supersonic  jets.  In  all  eases,  the  exciplex 
formation  takes  place  upon  excitation  of  a  van  der  Waals  (vdW) 
complex  formed  by  M|  and  M2  into  its  locally  excited  state. 

(1)  Excimer  formed  by  two  identical  molecules:  kihlbland  lcl~ldl. 

The  excimer  formation  has  been  observed  through  excitation  of  the 
vdW  dimer  of  fluorcnc  (Cnlho).*  The  initially  excited  vdW-dimer  state 
exhibits  congested  spectral  features  arising  from  exciton-phonon 
coupling, 

(2)  Exciplex  formed  by  two  similar  molecules:  kil^lbl  and  Ichidl. 

The  exciplexes  formed  between  Coll  10  and  CoDio^  and  between 
Coil  IQ  iind  I,2,4,S-tctrachlorobenzcnc3  arc  of  this  type.  It  has  been 
found  that  the  efficiency  of  the  exciplex  formation  is  dependent  on  the 
energy  gap  in  the  Sj  state  between  M|  and  M2,  suggesting  the 
importance  of  cxciton  resonance  interaction  in  the  stabilization  of  the 
exciplex  state  (i.c.  tal,  Ibl  »  let,  Idt). 

(3)  Exciplex  formed  between  a  molecule  with  a  large  electron  affinity 
and  a  molecule  with  a  low  ionization  potential:  kil,  hi  «  kl,  kll. 

'I'hc  charge-transfer  complexes  can  be  formed  by  exciting  the  vdW 
systems  of  1-cyanonaphthalcnc  M|  with  aliphatic  amines  M2  (i.c.  Icl>> 
Idl).^  The  efficiency  is  markedly  dependent  both  on  the  ionization 
potentials  of  the  amines  and  on  the  excess  vibrational  energy  in  the 
initially  excited  vdW  state  (Mi^-Mz). 


1.  J.  Phys.  Chem.,  95  ,  2364  (1991).  2.  J.  Phys.  Chem.,  95,  1195,  (1991). 
3.  J.  Phys.  Chem.,  94,  2636  (1990).  4.  J.  Phys,  Chem.,  in  press. 
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PHOTON  TUNNKLING  IN  THE  STATES  OP  THOPOLONE  DERIVATIVES 

Hiroshi  Sekiya,  Vukio  Nishimura, 

Akira  Mori,  and  Hitoshi  Takeshita 

Institute  of  Advanced  Material  Study,  Kyusliu  University, 
Kasuqa-slii,  Fukuoka  016  (Japan) 

The  fluorescence  excitation  (PE)  spectra  liave  been 
measured  for  jot-cooled  3-chlorotropolone  (3CTR),  3- 
bromotrotJolone  (3DTR),  and  3-isopropyl tropolonc  in  the  S^-Sq 
region  to  iiwesitigato  tl.c  intramolecular  hydrogen  bonds. 

The  0^  and  0"  transitions  have  been  detected  in  the  PE 
spectrum  of  3CTH,  suggesting  that  tl>e  double-minimum 
potential  functions  are  almost  symmetric  in  the  Sq  and 
states  of  3CTR  as  it  is  the  case  tor  tropolone  (TRN).  Tlie 
tunneling  doublet  separations  for  3CTR-h  and  3CTR-d  have  been 
determined  to  be  23  and  3  cm'\  respectively.  In  contrast, 
only  one  electronic  origin  band  )»as  been  detected  in  the  FE 
spectrum  of  3HTR.  Thi.s  implies  tl>at  the  proton  is  localized 
in  one  well.  On  the  other  hand,  the  0*  and  0"  functions  have 
been  found  to  be  partially  localized  in  one  well  in  3IPT. 
These  findings  suggest  that  the  steric  repulsion  between  the 
0  atom  and  tlie  substituent  deforms  the  molecular  structure, 
and  Lends  to  localize  tlie  proton  in  313TR  and  3IPT. 


3CTR:  R=C1 
3iyrR:  =Ur 
3II'T:  sClUCll  ) 

tun  :  «n  • 
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Observation  des  agregats  homogenes  doublement  charges  de 

PARA-OIFLUOROBENZENE 


S.  Martrenchard,  V.  Brenner*,  C.  Jouvet,  C.  Lardeux-Dedonder ,  Ph. 
Millid*,  D.  Solgadi 

Lab,  Photophyslgue  Nol6culalre,  CNRS,  Unirersiti  Paris-Sud 
91405  Orsay  (France). 

*^DRECM/SPER,  CEN  saclay,  91191, Gif  sur  Yrette 

Dans  la  plupart  des  observations  d'agrdgats  van  der  Waals 
doublenent  chargds  (M  )  ,  la  stabilltd  de  ces  espbces  est 

"  /  4  \ 

expllqude  par  un  noddle,  proposd  par  Echt  et  al'  basd  sur 
1 'approximation  de  la  goutte  liguide:  ces  agrdgats  sont  stables  si 

I 

leur  taille  atteint  une  taille  critique  oO  la  cohdsion  assurde  par 

les  forces  de  van  der  Waals  est  plus  grande  que  la  rdpulsion 

Coulonbienne.  Un  example  clair  d'un  tel  systdme  est  le  cas  des 
agrdgats  doublenent  chargds  de  benzdne  qui  sont  stables  pour  n>19 
Aprds  Irradiation  d  260nn,  la  double  ionisation  des  agrdgats 
de  para  dif  luorobenzene  (PDFS)  fomds  en  jet  supersonigue 

(PDFBj^'*"'’)  est  observde  pour  n*:3: 

La  conparaison  de  la  stabilitd  des  agrdgats  de  benzdne  et  de 
PDFB,  calculde  en  utilisant  des  ndthodes  semi-empiriques® ,  montre 
que: 

-Dans  (  PDFB''"’’).  il  ,  y  a  une  barridre  de  1,8  Kcal  d  la 
dissociation  en  PDFB  +  PDFB-PDFB  ,  done  I'espdce  est  mdtastable. 
-Dans  le  benzdne^'*’  cette  barridre  exists  pour  naS. 

-Les  diffdrences  observdes  dans  la  stabilitd  (n^lP  pour 
benzdne et  n-3  for  PDFBj^'*’)  sont  expliqudes  par  les  processus  de 
formation. 

1  T.D.  Mdrk,  Int,  J.  Mass  Spectrom.  Ion  Proc.  22»  1  (1987)  and 
references  therein 

2  M.y.  Hahn,  K.E.  Schriver,  R.L.  Whetten,  J.  Chem.  Phys., 

4242  (1988) 

3  W.R.  Peifer,  J.  F.  Garvey,  J.  Chen . -'Phys . ,  21t  1940  (1989) 

4  O.  Echt,  D,  Kreisle,  E.  Recknagel,  Phys.  Rev.  A,  ia»  3236 
(1988) 

5  P.  Claverie,  in  Internolecular  Interactions  (B.  Pullman  ed.) 
Wiley,  New  York  (1978) 
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UOSCUVAIION  or  VERY  SMALL  DOUBLY  CHARGED  HOMOGENEOUS 

i’ara-difluorobenzene  clusters 

S.  Martrencliard,  V.  Brenner*,  C.  Jouvet,  C.  Lardeux-Dedonder ,  pli. 
D.  Solcjadi 

Lab.  PLoCophysiquc  Mol^culaire,  CNiiS,  University  Paris-Sud 
91405  Orsay  (France). 

^ DRECAM/SPEH,  CEN  saclay,  91191, Gif  sur  Yvette 

In  most  experimental  observations  of  doubly  charged  van  der 
++  1**3 

Waals  clusters  (M  )  ,  the  stability  of  these  species  was 

n  /  4  ^ 

explained  by  e.  model,  proposed  by  Echt  et  al'  \  based  on  the 
liquid-drop  approximation:  the  doubly  charged  cluster  ions  are 
stable  if  their  size  reaches  a  critical  value  where  the  cohesive 
forces  of  solvation  overcome  the  coulombic  repulsion:  a  clear 
example  of  such  a  case  is  the  benzene  where  the  doubly  charged 
cluster  are  stable  for  nti9. 

Double  ionization  of  para  difluorobenzene  (PDFS)  has  been 
observed  following  irradiation  of  a  supersonic  cluster  beam  at  260 
nm.  are  observed  for  na3:  the  anomalously  small  critical 

size  for  stability  cannot  be  explained  by  a  simple  liquid-drop 
model . 

The  comparison  of  the  stability  of  these  benzene  and 
PDFB  doubly  charged,  using  semi  empirical  methods  ,  shows  that: 

-In  PDFB^^  there  is  a  barrier  of  l.O  Kcal  to  the  dissociation 
in  PDFB^+  PDFB-PDFB^,  therefore  this  species  is  metastable, 

-In  benzene^^  such  a  barrier  exists  for  n^S. 

The  differences  observed  in  stability  (n=19  for  benzene^^  and 
n=3  for  PDFB  )  are  explained  by  the  formation  process  in  the 
optical  excitation. 

1  T.O.  Ncirk,  Int.  J,  Mass  Spectrom.  Ion  Proc.  1  (1987)  and 

references  therein 

2  M.Y.  Hahn,  K.E.  Schriver,  R.L.  Whetten,  J.  Chem.  Phys,, 

4242  (1988) 

3  W.R.  Peifer,  J.  F.  Garvey,  J.  Chem.  Phys.,  £1,  1940  (1989) 

4  0.  Echt,  0.  Kreisle,  E.  Recknagel,  Phys.  Rev.  A,  M/  3236 
(1988) 

5  P.  Claverie,  in  Intermolecular  Interactions  (B.  Pullman  ed.) 
Wiley,  New  York  (1978) 
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INTUACLUSTKU  lON-MOUKCULK  lUCACTIONS  WITHIN 
THIi:  IMIOTOIONIZEI)  VAN  DEU  WAA1J5  COMPLEXES 


Toshihiko  MAEYAMA  imd  Niiohiko  Ml  KAMI 
Department  of  Chemistry,  Faculty  of  Science,  Tohoku  University, 
Aramuki  Aoba-kii,  Sendai  9S0  (Japan) 


Intrnclustcr  ion-moIcculc  reactions  of  the  photoionizud  van  der 
Waitls  complexes  of  C^HsF  with  NII3  and  with  II2O  have  been  investigated 
by  means  of  two-color  nuiltiphnton  ionization  spectroscopy  in 
combination  witli  muss  spectrometry.  Two  different  intraclusler 
reactions  of  CfillsF-Nllj,  the  substitution  reaction  yielding  Cr,Il5Nll2+  and 
the  dissociation  yielding  C6H.'5F^  were  induced  by  the  selective 
photoionization  of  different  isomers  of  the  complexes.  Ionization 
threshold  spectra  of  the  complexes  and  appearnnuc  energies  of  the 
reaction  products  were  observed.  Bnergetics  of  the  reactions  was 
discussed  on  the  basis  of  the  experimental  results  and  of  the  calculated 
geometries  of  the  isomers.  It  was  concluded  that  the  nucleophilic 
substitution  reaction  is  responsible  for  the  Cf,Il5Nll2*  production.  Isomer 
dependent  reactions  occurring  within  the  II2O  complexes  were  also 
presented  and  their  energetics  was  discussed  in  relation  to  a  barrier 
height  to  the  substitution  reaction. 


References 

(1)  T.  Mneyama  and  N.  Mikami,  J.  Phys.  Chem.  1991,  in  press. 

(2)  T.,  Macyama  and  N.  Mikami,  J,  Phys.  Chem.  \  99t>,9‘l,  6973. 

(3)  T.;  Macyama  and  N.  Mikami,  J.  Am.  Chem.  .Soc.  I988,//W,  7238. 
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structure  ct  r^activitd  dos  agrdgats  paradlCluorobcnzene-oau 
dons  uno  expansion  supersonique 

S.  Hartrenchard*,  C.  Jouvet,  C.  Lardeux-Dedonder,  D.  Solgadi 
Laboratoire  de  Photophysique  Holiculaire  du  C,N,R,S 
Bat.  213  University  Paris-Sud  9140S  opsay  (France;. 

Lea  agrdgats  para  dlfluorobenzene-eau  (  PDFBCH^O)^  ) 
produits  en  jet  supersonique  ont  4t4  dtudids  par  ionisation  h  deux 
couleurs  et  deux  photons  et  ddtectds  par  spectromdtrie  de  masse  4 
temps  de  vol. 

Les  spectres  d' excitation  de  P0FB(H20)^^j^  ^ont  dtd 
obtenus.  Le  spectre  de  FOFO.H2O  prdsente  des  bandes  attribudes  h 
la  fragmentation  da  P0FB(H2O)2>  Cette  fragmentation  a  lieu  dans 
les  agrdgats  ionisds.  L'dnergie  deionisation  de  ces  agrdgats  a  dtd 
ddterminde.  La  fragmentation  da  PDFS.  1(20^  a  dtd  dgalement  dtudide. 
L'dnergdtique  de  ces  dissociations  en  fonction  de  I'excds 
d'dnergie  a  dtd  ddterminde.  De  ces  rdsultats,  il  apparait  gue 
I'dnergie  de  liaison  de  PDFB...(H.O)  est  environ  de  1200  cm"^  d 
I'dtat  fondamental. 

Ledtude  des  spectres  de  masse  de  ces  agrdgats  rdvdle  un 
autre  fait  important:  les  ions  correspondant  k  du  fluorophenol 
hydratd  ont  dtd  ddtectds  et  sont  dOs  k  une  substitution 
nucldophile  intra-agrdgats  d'un  fluor  de  PDFS  par  un  groupement 
-OH.  Nos  rdsultats  montrent  que  cette  reaction  a  lieu  dans 
PDFB(H20)^^  ionisd  et  seuleroent  quand  ncS 

PDFB(H20)^^3‘^— >  Fphenol(H20)jj^3  +  HjO  +  HF 

Comma  proposd  par  B.  Brutschy  un  mdcanisme  possible  de 
rdaction  serait  le  suivant:  aprds  transfert  d'un  dlectron  libre  do 
I'oxygdne  de  I'eau  au  systdme  n  de  PDFB^,  une  des  premidres  dtapes 
de  la  rdaction  de  substitution  dans  I'agrdgat  consisterait  en  un 
transfert  da  proton  aux  agrdgats  d'eau  avec  formation  d'un 
complexe  cr  intermddiaire  suivi  d'un  rdarrangement  conduisant  au 
fluorophenol  avec  perte  d'eau  et  IIF.  Cette  rdaction  intra-agrdgat 
semble  ddpendre  de  I'affinitd  protonique  de  I'agrdgat  d'eau 
associd  k  PDFB. 
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SiRUCTURC  AND  REACTIVITY  OF  PARADIFLUOROBCNZCNE"WATER  CLUSTERS  IN 

A  SUPERSONIC  EXPANSION 

S.  Hartrenchard* ,  C.  Jouvet,  C.  Lardeux-Dcdondcr ,  D.  Solgadi 
Laboratoire  de  Photophysique  Holiculaire  du  C.N.P.S 
Bat.  213  University  Paris-Sud  91405  Orsay  (France). 


para  dif luorobenzene-water  clusters  {  PDFB(II,0)  ) 
produced  in  a  supersonic  expansion  have  been  studied  via  two-color 
two-photon  ionization  and  detected  by  time  of  flight  mass 
spectrometry. 

Excitation  spectra  of  PDFB(H20)j^  have  been  recorded  for 

n=«l-4.  The  PDFD.IIjO  spectrum  shows  bands  which  can  be  clearly 

attributed  to  a  fragmentation  of  PDFBtHjO)^.  This  fragmentation 

has  been  shown  to  occur  in  the  ionic  cluster.  The  ionization 

energies  of  these  clusters  have  been  measured  by  two  color 

experiments.  In  the  same  way  we  have  studied  the  fragmentation  of 

PDFB.II^O^.  The  energetic  of  these  dissociations  as  a  function  of 

the  excess  of  energy  has  been  determined.  From  these  data  it 

appears  that  the  binding  energy  of  PDFB. . . (H,0)_  lies  around  1200 
-1  *  n 

cm  in  the  ground  state. 

The  study  of  the  mass  spectra  of  these  clusters  reveals 
another  very  important  feature:  the  ions  corresponding  to  hydrated 
fluorophcnol  have  been  detected  and  are  due  to  an  intracluster 
nucleophilic  substitution  of  one  fluorine  atom  of  PDFS  by  an  -OH 
group.  Our  results  show  that  this  reaction  occurs  in  the  ionized 
PDFBClIjO)^^  only  when  nsO: 

PDFDdljO)^^,.^'^ - >  FphenolCJIjO),^^^^  +  lIjO  +  HF 

As  proposed  by  B.  Brutschy  a  possible  mechanism  of 
reaction  would  bo  the  following:  after  an  electron  transfer  from 
the  lone  pair  orbital  of  oxygen  of  water  to  the  n  system  of  PDFB^; 
one  of  the  first  steps  of  the  substitution  reaction  in  the  cluster 
would  consist  in  a  proton  transfer  to  the  water  clusters  with 
formation  of  a  cr  intermediate  complex  followed  by  a  rearrangement 
of  this  species  leading  to  the  fluorophenol  with  loss  of  water  and 
HF.  This  intracluster  reaction  seems  to  depend  on  the  proton 
affinity  of  the  cluster  of  water  associated  to  PDFB. 
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van  der  Uuals  ClusLor  and  Exclmer  Furmublons  in  Jet-Cooled 
1-Cyanonaplitlialene  and  Methyl-Substituted  i-Cyniionapiitlialenes 

Mlchiya  Itohi*  Mlki  'Takninatsut  Norlyukl  Ki^Ui 
and  Yoahlhisa  Fujlwaro 

The  fluorescence  cxcltotloii  and  MPl  TOF  mass  spectra  of 
i-cyanoiiaphtlialene  and  methyl-substituted  1-cyanonaphthalenes 
In  supersonic  expansion  Indlcote  the  van  der  Waals  dlmer« 
trinier  and  cluster  (n  >  3)  formation.  The  excitation  of  the 
main  cluster  bands  shows  the  large  Stokes  shifted  exclmer 
fluorescence  (Xmax  410-430  nm,  la  “140  ns),  while  only  uv 
resonance  fluorescence  was  observed  in  the  excltotlona  of  t)ie 
dimer  and  trlmer  bands i  whose  structures  of  dimer  and  trlmer 
were  suggested  to  bo  coplanar  with  CN  groups  facing  each  other. 
From  vapor  pressure  dependence  of  the  fluorescence  intensity) 
the  size  of  cluster  exhibiting  the  exclmer  fluorescence  was 
suggested  to  be  n  =  4  or  5  as  the  most  plausible  candidate. 
Similar  exclmer  fluorescence  was  observed  In  tlie  excitation  of 
the  ground-state  dltnor  generated  in  the  rigid  glassy  3-methyl- 
pentane  solution  at  77K  and  also  of  polycrystals  of  these 
compounds.  The  x-roy  crystallography  of  l-cyttno-2-methyl- 
nnplithalene  Indicates  of  partially  overlapped  it -electron 
systems  with  n  >ieud-to-tall  configuration  in  a  single  crystal. 
Therefore)  tite  fourth/fifth  molecule  may  be  overlaid  on  the 
coplanar  structure  of  the  dimer/trimer  so  thot  the  full  or 
partially  overlap  of  tlie  s-electron  systems  leads  to  tlte  excl- 


mcr  fluorescence. 
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PIIOTOPIIYSICS  AND  PHOTOCHEMICAL  DYNAMICS  OF 
BENZENE  AND  ITS  CHLORINATED  DERIVATIVES 

Teljlro  Ichlmura,  Itisanorl  Shlnolmra  ,  riiminori  Hlsnizii  , 
Kozuiiiko  Ohashl*  and  Nobuyuki  Nislii*, 

Dcparlnient  of  Cticinistry,  Tokyo  Institute  of  Technology, 
Ohokayanin,  Mcguro,  Tokyo,  1S2,  Jnpon, 

^Institute  for  Molecular  Science,  Myodaiji,  Okazaki,  Uhk,  Japan. 

ncnzciic  molecules  in  a  supersonic  Jet  were  pliotoionizcd  using  o 
tunable(233-262  nm)  pulsed  dye  laser,  and  the  resonance-enhanced  two- 
photon  lonization(RE2PI)  processes  of  the  Sj  state  were  investigated  by 
time-of-fliQht(TOF)  moss-spectrometrlc  technique.  Without  further 
fragmentation  of  C^llg'*'  ions  under  low  power  (<20  pJ/pulse)  loser 
irradiation  high-resolution  excitotion  spectre  of  the  parent  ion  hove 
been  measured  for  the  6^  1"  progression(naO, 1,2,3).  The  relative 
pliotolonizatlon  intensity  determined  from  the  excitation  spectra  and  the 
corresponding  Sj  absorption  spectra  suddenly  dropped  at  the  onset  of  the 
third  channel  band,  6^  1^.  For  the  wavelength  region  241.5  -  243.1  nm, 
covering  tlic  two  specific  vibronic  bands,  6^  1^  and  7^,  similar 
experiments  have  been  carried  out  under  cold  bcom  conditions.  The 
relative  ion  intensity  for  the  7^  band  was  found  to  be  much  higher  than 
that  of  the  6^  1^  band  and  to  be  even  more  than  twice  as  largo  os  that 
of  the  6^  1^  band.  Excitation  of  the  rotatlonolly  resolved  6^  1^  or 
6^  bond  under  carefully  controlled  low  laser  powers  has  revealed  the 
fact  that  tlte  relative  intensity  of  the  6*  P  bondCabove  3rd  channel)  to 
that  of  the  6^  1^  band(beIow  3rd  channel)  decreases  with  decreasing  the 
excitation  laser  power,  confirming  the  idea  that  the  ionizing  process  is 
competing  with  the  nonradiotlve  relaxation  processes  at  the  resonant 
state.  Two-color  RE2PI  excitation  with  the  pumping(X))  and 
electrically  delayed  prohlng(X2'’272.0  nm)  losers  has  given  populotion 
decay  rates  of  vibronic  states  longer  than  20  ns.  Excitotion  spectra  of 
tlie  parent  ion  with  sennning  X](241-240  nm)  and  the  optically 
dcloycd(2.8  ns  ond  B.O  ns)  fixed  wavelength  of  X2  I’cen  observed. 

Rclotivc  population'  yield  et  the  delay  time  of  8,0  ns  for  the  6*1^ 
vibronic  state  agreed  with  the  relative  fluorescence  yield  for  tlie  same 
excitation.  The  observed  population  decay  rotes  of  short  life 
components  are  also  in  good  ogreement  with  previously  reported 
fluorescence  lifetimes. 

We  hove  opplled  the  similar  method  to  investigate  photochemical 
dynomics  of  chlorotoluene,  which  will  be  presented  coo. 
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Jcl  Spectroscopy  of  Denzyl  ond  Denzyt-a-dj 
Monni'ii  l•'uhusllllnn*  and  Klniclii  OUl 

Department  of  Chemistry,  Tokyo  Institute  of  Tcclinolocy, 
Oliokayama,  Mceuro,  Tokyo  tSZ,  Japan 

Menzyl  and  benzyl-a-d^  radicals  are  produced  by  the  ArK  loser  ( 

1011  nm  )  photolynls  ot  bcnzylclilorlde  ond  benzylchlorlde-n-d^, 
respectively,  In  a  supersonic  free  jet.  The  spectroscopy  ot  those 
nidi  cuts  is  studied  by  means  o(  the  LIP  method.  Measured  LIP 
excltallon  spectro  show  vlbratlonol ly  well  resolved  structure,  but  with 
unusuol  Icolurc.  The  vlbrontc  bends  hove  been  osslgned  from  the  SVL 
diuperaed  spectrum  for  each  vlbrontc  band  cxcltotlun.  The  symmetries 
of  pure  electronic  and  vlbronlc  levels  In  the  Dj  stole  hove  been 
determined  by  transition  bond  types  derived  from  rototlonol  onolysls  of 
hleh  resolution  LIP  cxcitotlon  spectro.  The  Intensity  onormoly  ot  the 
vlbronlc  bonds  In  the  exei lotion  spectro  is  Interpreted  os  the  breokdown 
of  the  occtdcntal  forblddcness,  which  choroclerlzcd  the  Dj  -  ond  D2  ~ 
I)g  electronic  tronsitlons  of  benzyl. 


I’rcscnt  address  ;  Advonced  Tcchnulosy  llcseorch  Center, 
Mitsubishi  Heavy  Industry,  Yokohama  ZUC,  Jopon. 
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ELECTRONIC  SPECTRA  OF  FLUOROBENZENE  CATIONS 
AS  STUDIED  BY  MASS-SELECTED  ION  DIP  SPECTROSCOPY 

Masnnkl  1-UJll.  Yuko  TSUCHIYA  and  Milsuo  ITO 
DepnrlttKiU  oP Chemistry,  Faculty  of  Science,  Tolioku  University,  Sendai  980.  JAF/\N 


The  electronic  spectra  of  benzene  cation  and  its  fluorine  substituted  cations  were 
observed  by  niass-selected  ion  dip  spectroscopy  in  a  supersonic  Jet.  Urledy,  the  cations  were 
prepared  by  two-color  resonant-cnhanced  muIUphoton  ionization  (REMPl)  of  the  Jet-cooled 
neutral  molecule  via  a  particular  vibronic  level  In  the  Sj  state  (Fig.l).  By  selecting  the 
vibronic  level  and  the  laser  frequencies,  the  electronic  ground  state  cation  in  a  selected 
vibrational  level  can  be  produced.  The  state-selected  cations  arc  excited  by  anotlicr  tunable 
laser  light  (v})  to  an  electronic  excited  state,  where  tlie  parent  cation  dissociates  directly  or 
indirectly  to  fragmented  species.  TIte  electronic  transition  was  detected  as  a  dip  of  the  mass- 
selected  ion  signal  of  the  parent  cation.  A  similar  spectrum  can  be  obtained  when  the  ion 
signal  of  the  fragment  Is  monitored. 

We  applied  this  spectroscopy  (called  mass-selected  ion  dip  spectroscopy)  to  benzene 
cation,  monofluorobcnzcne  cation,  o-,  m-,  and  p-difluorobcnzcnc  cations  and  1,3,5- 
trifluorobenzene  cation  in  supersonic  Jets.  All  the  observed  spectra  were  assigned  to  the 
electronic  transition  from  the  ground  state  Do  to  the  tttt  excited  state.  The  spectra  of  benzene 
cation  and  monofluorobcnzcne  cation  were  broad  and  slructurclcss,  while  difluorobeitzcne 


cations  and  trifluorobenzene  cation  Dissociation 

showed  well-resolved  structures.  The  nW' — >  V 

vibrational  structures  observed  for  ^ 

dilluorobcnzencs  and  trifluorobenzene  _ ^ 

cations  indicated  an  extensive 

vibronic  coupling  between  the  low-  '’s 

lying  electronic  excited  states,  .  !  , 

cal  ton  Ion  current  of 

suggesting  an  important  role  of  the  V  parent  Cation 

vibronic  coupling  in  detennining  the  g  _ 

emissive  property  of  the  cation.  t  t  k 
Based  on  the  observed  results,  we  ^  ^1 

discuss  the  emissive  property  in  tenns  ^  neutral 

of  the  vibronic  coupling  among  the  pjg  .j  Schmatic  diagram  showing  the  princiiwl  of 
low-lying  electronic  states.  (1,^  mass-selected  ion  dip  spectroscopy. 


cut  ton 


Ion  current  of 
parent  cation 


ENliRGY  (eV) 
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Solvatation  de  Ilg^  2  agrdgats  do  NII^,  0(CH^)2f 

et  II2O 

C.  Lurdeux-OedondciT/  C.  Jouvet,  S.  Martrenchard, 

D.  Solgadi  and  A.  Tranter 

Laboratoire  de  Photophysique  Moliculaire  du  C.N.R.S. 
b&t  213  -  University  Paris  Sud  -  91405  Orsay  Cidex 


he  potential  d' ionisation  de  nonbreux  agr6gats 
mdtalligues  diininue  lorsgue  lour  taille  augmente.  Cependant, 
dans  certains  cas,  conme  les  agrdgats  d ' argent ^en  solution 
dans  I'eau,  un  conportenent  inverse  est  observd 

Les  potentials  d' ionisation  de  Hg  and  Hg2  solvatds  par 
ou  le  dinethylether  (DME),  obtenus  en  jet  supersonique 
ont  4t4  inesur4s  par  ionisation  &  deux  photons: 

-  pour  les  agr4gats  Hg(NH2)j^,  le  potential  d'ionisation 
d4croit  avec  n;  de  plus,  le  potentiel  d' ionisation  de 
Hg2(NH2)^  est  sup4rieur  4  celui  de  Hg(NHj)j^. 

-  A  1' inverse,  le  diin4re  Hg2  est  plus  stabilis4  par 

le  DME  que  par  NH^  et  les  4nergies  deionisation  de  Hg(DHE)^ 
sont  plus  grandes  que  celles  de  Hg2(DME)^. 


Variation  du  seuil 
d' ionisation  en  fonction 
du  nombre  de  molicules 
de  sol vant;  Hg(NHj)jj  ♦ 


01:3456 

NUMBER  OF  AMMONIA 


A  partir  de  la  spectroscopie  des  4tats  intenn4diaires 
et  des  m4canismes  de  Cragnentation,  on  peut  obtenir  des 
informations  sur  la  structure  de  ces  agr4gats. 


ENlillGY  (eV) 
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Solvation  of  2  clusters  of  Mll^,  0(012)2,  and  II2O 

C.  Lardoux-Dedonder,  C.  Jouvot,  S.  Martrcnchard, 

D.  Solgodi  and  A.  Tramor 


Laboratolre  de  PhotophysXque  Holiculaire  du  C.H.R.S. 
bit  213  -  Unirersiti  Paris  Sud  -  91405  Or say  Cidex 


The  ionisotion  potentials  of  many  metallic  clusters 
decrease  os  the  sire  increases.  However,  in  some  cases, 
solvated  clusters,  for  example  ^9,),  show  an  opposite 
behaviour. 

Ionisation  energies  of  Hg  and  Hg2  solvated  by  NH^, 
dimethylether  (OHB),  obtained  in  a  supersonic  expansion  have 
been  measured  through  resonance  enhanced  two  photon 
ionisation: 

-  for  ammonia  clusters  of  Hg,  this  energy  decreases  and 
is  allways  smaller  then  for 


-  at  the  opposite,  the  Hg2  dimer  has  been  shown  to  bo 
more  stabilised  by  DME  than  by  NH^  and  the  ionisation 
energies  of  Hg(OM£)|^  are  greater  than  those  of  Hg2(DHE)|^. 


ammonia,  DME  or  water)  can  be  drawn  from  the  spectroscopy 
of  the  excited  states  and  the  fragmentation  patterns  in  the 
ionic  status. 


l-3i\ 


NO  K^-T*  OIIKMILIJMINKSOKNCE  IMIODUOKI)  l•'llOM  TIIK  IIRACTION  OR 
NO2*  WITH  TIUPliET  STATE  OIUJANIO  MOI.ECULKS 
Wade  Siak,  Ilirumu  EiidOi  ?J>iL>.dyni  and  Kitiicid  Obt 

DcparliiioiiL  of  Chemlslry,  Tokyo  ItialiLul.o  of  TecliootoRy 
Olioknyntna,  Moijuro,  Tokyo  IS!!,  Japan 

An  NO2/E  mixlure,  where  II  is  acolylene  (Ac),  iiielhytanelyleno 
(MeAc),  elhylacolylene  (ElAn),  phenylacoLyIcne  (I’hAc),  or  benzene 
(Ph),  was  excited  via  visible  mullipholon  absorption  rcsniltn)'  In 
NO(A^S*)  choinlluminosconco.  Ttie  rclallve  orflclency  of  NO{A^i)*) 
production  from  ll»c  NO2/II  mixlure  was  dolorMilntul.,  The  trend  of 
NO(A^X*)  production  in  order  of  decrcasini!  efrioicney  is  Ac  > 

McAc  >  EtAc  >  PliAc  >  I’li.  liased  on  tlto  laaor  power  dopendonco  of 
N0(A^2;^)  cliciiilluminosconco,  tlio  proosurc-depondont  variation,  and 
energetic  considerations,  a  triplet  ineclianism  Tor  ciiemilumincs- 
cenco  is  suRi'csted. 

NOg  Mil/  -»  NO^* 

N02"‘II  ^  nliv  -»  ll*(trii>let)  1  N()2 
NO2*  '  H'^(ttipiet)  -►  NO(A^>;*)  1  lU) 

N()(A'*>;  -►  NO  •  liVf  (y-l)an»l) 

In  order  to  rncoiiciie  tlio  present  investigation  witli  tlio  tripiet 
meclianism  ivc  conciuded  tliat  a  si);nirionnl  rractioii  of  tlin  excited 

stale  NO2  moiecnios  (NO^/)  must  remain  in  a  nonradiative  eolii-  / 

J 

I 
i 
I 


sion-resislant  exeiled  state  for  a  sicnirirant  iinriod  of  time. 
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Two-Photon  Chcmistiy  of  Azoalkancs  in  tlic  Laser  Jet: 
Photochemical  Transformations  of  1,3-Cyclopcntadiyl 
Triplet  Diradicals  by  Triplet  Denzophenone 

Ralf  FInzcl.  Woldemax  Adam 

Institute  of  Organic  Chemistry,  University  of  Wlirzburg,  Am  llublond, 
W-8700  Wiirzburg,  Germany 

Tlie  Irlplct-sensiUzed  nitrogen  extrusion  of  azoalkanc  1  was  examined  in 
tlie  laser  Jet.  Under  lamp  irradiation  only  bieyclopcntone  (2)  was  formed, 
whereas  In  the  laser  Jet  cyclopcntcnc  (3)  and  considerable  amounls  of 
dimers  were  found.  The  formation  of  the  dimers  is  due  to  the  high 
stationary  concentration  (micromolar)  of  Uie  triplet  diradical  T-4. 

The  amount  of  cyclopentene  (3)  depended  on  the  ratio  of  concentrations 
of  benzophenone  to  azoalkanc  1,  l.c.  more  rearrangement  was  observed  al 
higher  ratios.  Ibis  suggested  the  existence  of  a  second  photochemical 
step  in  the  patliway  to  cyclopentene  (3). 

The  dependence  of  the  lifetime  of  the  triplet  dlyl  T-4  on  the  cylopcntctrc 
yield  could  be  demonstrated  by  using  differenUy  substituted  azoalkancs. 
The  longer  the  lifetime  of  the  triplet  dlyl  T-4,  the  higher  the  yield  of 
cyclopentene. 

Since  the  formation  of  cyclopcntcnc  (1,2-II-shift)  in  the  photoinduced 
electron  transfer  reaction  of  azoalkancs  1  dcrivci  from  the  radical  cation 
5,  this  species  is  presumably  also  involved  in  the  benzophenone- 
sensitized  photolysis  of  the  laser  Jet  experiment  (Scheme  1).  The  first 


Scheme  1 


*'••**'*  til 

hv  flijCO 


O  I 

riijco*  Phjco  iMijCo’  I’ll, CO" 

A  V  a>  ^  o 


photolysis 

mode 


LaserJet 


rcl,  yields  (%)  of  ptoducts 
2  3  Dimers 


45  10 

>99  <l 


:  ^ 


benzophenone  triplet  acts  as  sensitizer  by  energy  transfer  and  the  second 
as  an  electron  acceptor  by  electron  transfer;  the  overall  photo- 
transformation  tlicreby  constitutes  a  two-photon  process. 
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lU'LAXATlON  UADIATIVE  liT  UEACTIVITE  IVIONS  MOLECUI.AIUES 
DE  LON(5UE  OUKEE  DE  Vlli 

S.  Jullicn,  M.  Mcninger,  S.  Eenistcln,  J.  l^mnire,  K.  Morx  ut  G.  Muuclulru 
Laborntoii'c  cic  I'hysicu-Chlmlc  dcs  UDyonnemcnts 
CNRS-Unlvorsltu  Purls-Sud.  *)1<10S  OUSAY,  Erunee. 


l^s  clurdes  de  vie  rediutlves  d'lons  vibrationncllemcnt  excites  ou  duns  dcs  ctnts 
dicetroni(iues  mctnstnbics  ont  dtd  ddtcrmindcs  dons  un  domuine  de  temps  aliunt  de 
iu  miliiscconcic  h  in  socondc,  cn  utilisant  la  technique  de  I'ion  moniteur  dons  un 
speetrometre  de  E1‘iCR  a  trnis  Stages  (t,  2).  Les  constontes  de  vitessc  et  Ics  distributions 
cn  prodult  ont  dgulemcnt  dte  mesur£es  pour  quelqucs  rdoctions  monitrices. 

Do  nouvonux  rcsultots  sur  M20'<X.v)  ovee  COg,  NjO  et  CO  comme  goz  monitcurs 
scront  presentds  et  compares  atix  caiculs  thcoriques. 

I.es  mesures  dcs  ddclins  des  Ions  diatumiques  mdtnstobles  02*(u‘*n„,v‘)  et 
NO*(n^Ji!*,v‘)  (2)  scront  r<'‘cxainln<Scs  a  la  lumicrc  de  rcccnts  caiculs  ab  Initio. 

I.a  pos.slbilite  d'utlliscr  la  dissociation  Induitc  par  collision  aussl  blen  que  la  n-aetivite, 
()our  (Uudicr  les  dtats  <ilcutronlqucs  meta.stahlcs  d'lons  pulyoloiniquc<!  sera  uussi 
(ll.scutec  (3). 


1  "Itadlatlvc  relaxation  of  NO*(X,  v=l-4)” 

S..  I'enistcin,  M.  Ileningcr,  It.  Marx,  G.  Mauelaire  and  Y.Ni  Yung 
Clicm.  I’ltys.  I.cttcr.s.  172  (I'iOO).,  «*) 

2  "Itadlalive  l.irctlinc.s  and  Itcuellvlty  of  Mctustul>lc  NO*(u-*i;*.v)  and  t)2*tu' ll„.v)" 

It.  Marx.  Y.M.  Yang,  0.  Mauelaire.  M.  Ileningcr  and  S.  I'enistcin 
aecepte  pur  .).  Cliein.,  I’liy.s. 

.'i  "On  tlie  I.iretime  of  Electronical ly  Excited  Acetone  Molecular  Ions" 

S.  I'cnislcln.  .1.,  I'utrcll.,  It.  Marx.,  G.  Mauelaire  and  Y.M.  Yang 
Clicm..  I'hys.  Letters.  179  (l')‘)l),  I2.S 
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RADIATIVE  RELAXATION  AND  REACTlVnTf  OF  LONG  LIVED 
EXCITED  STATES  OF  MOLECULAR  IONS 
G.  Mnuclulrc,  M.  tlcntiiger,  S.  I'cnUtcIn,  S.  Jullleii  mill  It.  Murx 
Luburotoire  dc  I’hyslco-Chltnle  dus  Ituyuiiiiumuntii 
CNItS-UnlvcrsItc  l*ai*ls-Sud,  114U5  UltSAY,  I'Vaiiui!,. 


Radiative  liretlmcs  of  vlbrationally  excited  and  metustuble  Llecti’unlc  states  uf 
lon.i,  In  the  millisecond  to  second  range,  hove  been  determined  using  the  monitor 
ion  technique  in  a  specially  deviced  triple  cell  rnCR  spectrometer  (1,2).  Rate 
con.stents  and  product  distributions  for  several  monitor  reactions  have  also  been 
measured. 

New  results  on  HgO^lXiV)  with  CO^,  N^O  and  CO  us  munitur.s  will  be  presented 
and  compared  to  theoretical  calculations. 

The  measured  decay  rates  of  diatomic  metastablc  Ions  O^^lu'illu.v')  and 
NO'^(o^I^,v')  (2)  will  be  reexaminated  in  the  light  of  recent  ab  Initio  calculations. 

The  possibility  to  use  CID  as  well  us  reactivity  to  study  metastablc  electronic 
states  of  polyatomic  Ions  will  also  be  discussed  (3).. 


1  "Radiative  reloxation  of  NO*  IX,  v=l-4l" 

S.  Fenistein,  M.  Hcninger,  R.  Marx,  0.  Moucluirc  and  Y.M..  Yang 
Chem.-  I’hys.-  Letters,  172  (WJO),  W 

2  "Rudiutivc  Liretimes  and  Reactivity  of  Metustuble  NO*lu^2I*,v)  and  O^la'^II^.v)" 

R.  Marx,  Y.M.  Yang,  G.  Mauciairc,  M..  Hcninger  and  S.  Fenistein 
accepted  by  J.  Chem.  Phys. 

3  "On  the  Li  retime  of  Electronically  Excited  Acetone  Molecular  Ions" 

S.  Fenistein,  J.  Futrell,  M..  ileningcr,  R.  Murx  ,  C.  Mnuclulrc  onilY.M.  Yung 
Chem.,  Phys.  Letters,  179  (1991),  I2S 


Comnent  arrlver  h  la  photo-841ectlvlt4  des  dtats  Cinaux  dans  la 
rdaction  Ca*-fHX->CaX*(A,D)-l-H,  ou  I'utllisation  des 
complexes  de  van  der  Haals  en  photochimie 

A.  Keller  et  J.P.  Vlsticot,  DRECAM/SPAM,  CEM  Saclay,  91191 
Gif-sur-Yvette  cedex,  France. 

S.  Abbes  et  B.  Soep,  Laboratoire  de  Photophysique  Moldculaire, 
Universitd  Paris-Sud,  91405  Orsay,  France 


Le  systbme  Ca+licl  est  I'un  des  rares  examples  de  rdaction  simple 
en  phase  gazeuse  o(i  une  sdlectivitd  orbitale  a  pu  Stre  mise  en 
Evidence.  Nous  avons  dtudid  les  rdactions  d'atomes  de  calcium 
excltds  avec  des  moldcules  HX  (X=Cl,Br,F)  par  I'excltation 
dlectonique  des  complexes  Ca-HX  affdrents.  Les  spectres  d' action 
qul  explorent  la  surface  rdactive  font  apparaitre  plusieurs 
configurations  dlectroniques  attribudes  aux  symdtries  £  et  IT,  A 
I'intdrieur  desguelles  une  importante  structure  vibrationnelle  a 
dtd  analysde  en  termes  de  modes  locaux  de  ce  complexe.  Ceci  permet 
de  caractdriser  la  surface  de  potentiel  dans  sa  vallde 
d'entrde. 

Cette  approche  A  la  rdactivitd  permet  aussi  d'accdder  directement 
A  la  vallde  de  sortie  par  1 'analyse  de  la  distribution  de 
I'dnergie  dans  les  produits,  via  la  dispersion  de  la 
chimiluminescence  et  1 'utilisation  d'un  laser  sonde.  La  moldcule 
CaX  dlectroniquement  excitde  se  retrouve  portde  sur  un  ensemble  de 
niveaux  vibrationnels  qui  vont  jusqu'au  seuil  dnergdtique  de 
rdaction.  Les  deux  dtats  electronigucs  A’lT  et  b’E*  du  produit  CaX 
sont  accessibles.  I'excitation  des  diffdrentes  configurations 
dlectroniques  du  complexe  Ca-IIDr  prdsentent  de  grandes  variations 
quant  au  branchement  vers  les  dtats  A  et  B  du  produit  selon  la 
nature  de  la  configuration  excitdo.  Celles  que  nous  avons 
attribudes  A  la  symetrie  U  amAncnt  davnntago  dc  population  A 
I'etat  A  tandis  quo  la  symdtrie  £  conduit  plutot  vers  B.  Ceci  est 
un  exemple  frappant  de  la  sdlectivitd  rdalisable  dans  une  rdaction 
photochimique  induite  dans  un  complexe  de  van  der  Waals. 
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Final  state  selectivity  as  produced  in  the  Ca*-ilIX->CaX*(A,l))  til 
reactions  through  the  von  dcr  Haals  conplex  excitation 


A.  Keller  and  J.P.  Visticot,  DRECAM/SPAM,  CEN  Saclay,  91191 
Gif-sur-yvette  cedex,  France. 

S.  Abbes  and  D.  Socp,  Laboratoire  de  Photophysique  Mol^culaire, 
Universitd  Paris-Sud,  91405  Orsay,  France 


The  Ca-fHCl  system  has  been  shown  in  the  past  as  a  model  for 
orbital  selectivity  in  simple  gas  phase  chemical  reactions.  We 
have  studied  the  chemical  reactions  of  excited  state  calcium  with 
HX  molecules  (X*cl,Dr,F)  as  produced  within  the  electronically 
excited  states  of  the  Ca-HX  complexes.  The  action  spectra  scanning 
the  reaction  potential  energy  surface  reveal  several  electronic 
configurations  assigned  to  Z  and  IT  symmetries  and,  within  these 
configurations,  extensive  vibrational  structure,  analysed  in  terms 
of  the  local  modes  of  the  complex.  This  allows  for  the 
characterisation  of  the  entrance  valley  of  the  reaction,  through 
the  bending  and  stretching  motions  of  HX  with  respect  to  the  Ca 
atom.  If  Is  also  observed  that  the  Ca~HX  bending  has  a  strong 
influence  upon  the  reactivity. 

This  approach  to  reactivity  also  yields  a  direct  access  to  the 
exit  valley  of  the  surface  through  the  analysis  of  the  products 
internal  energy  distribution  which  has  been  probed  by  dispersion 
of  the  chemiluminescence  and  also  by  a  second  laser.  The 
vibrational  energy  content  of  the  electronically  excited  CaX 
product  is  high  and  goes  up  to  the  energetical  threshold.  Two 
electronic  states  a’IT  and  are  accessible  by  the  reaction.  The 
excitation  of  the  various  electronic  configurations  of  the  Ca-HBr 
complex  shows  large  variations  in  the  branching  ratio  to  the  A  or 
B  state  of  the  product  depending  upon  the  nature  of  the 
configuration.  Configurations  that  we  have  assigned  to  the  11 
symmetry,  preferentially  populate  the  A  state,  and  conversely  for 
the  t  symmetry,  the  B  state  is  preferred.  This  is  a  striking 
example  of  state  selectivity  as  produced  in  a  photochemical 
reaction 
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(>2  SCIIUMANN-UUNGE  ADSORPTION  BANDS  AND  CONTINUUM  AT 
200-320  NM,  AND  O3  PIIOTODISSOCIATION  STUDIES 

R.  P.  Saxon  and  T.  G.  Slangcr 

Molecular  Physics  Laboratory,  SRI  International,  Menlo  Park,  CA  94025 


It  has  been  proposed  that  photodissociation  of  highly  vibmtionally-excited  O2  in  the 
D^Iu-X^Eg  Schuinann-Runge  bands  is  a  source  of  ozone  in  the  upper  stratosphere.  Simul¬ 
taneously,  this  02(vib)  population  could  be  excited  into  the  continua  of  the  02(B)  and  l^flu 
slates,  providing  additional  ozone.  Laboratory  measurements  indicate  that  both  discrete  and 
continuous  processes  are  operative.  Calculations  of  the  Schumann-Runge  continuum  cross 
sections  have  now  been  carried  out  for  v“  a  12-20,  spanning  the  200-320  nm  wavelength 
range.  The  maximum  cross  sections  are  in  the  1-2  x  10‘**  cm^  range,  wiilt  tlic  02(B)  state 
contributing  2-3  orders  of  magnitude  greater  absorption  than  tlie  l^flu  state.  For  v”  *  12,  it 
is  shown  that  the  Schumann-Runge  band  and  continuum  cross  sections  merge  smoothly  at 
2.50  nm. 

In  laboratory  experiments  on  ozone  photodissociation  at  248  nm,  the  principal  absorption 
in  product  02(vib)  involves  the  Schumann-Runge  2-7  band  and  Schumann-Runge  continuum 
absorption  from  vibrational  levels  at  v”  =  12  or  higher.  Although  the  cross  section  for  line 
absorption  is  much  higher  than  tliat  for  the  continuum,  it  is  shown  that  as  a  result  of  a  variety 
of  processes  and  mechanisms,  photodissociation  yields  in  the  bands  and  the  continuum  are 
comparable  in  magnitude,  thereby  providing  consistency  with  the  laboratory  observations. 

For  linear  absorption  systems,  such  as  the  terrestrial  atmosphere,  high  v"  absorption  in  the 
.Schumann-Runge  bands  should  be  substantially  more  important  than  continuum  absoquion. 
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INTENSITY  CUKVES  OF  THE  PH(b^E^ v'»=0-.X^E“v"=0)  EHXSSION  BAND 

G.  Di  Stefano*,  H.  Lenzi*'*’,  G.  Piciaccliia'*',  A.  Uicci* 

*  Istituto  Metodologie  Avanzate  Inorganiche,  C.N.R., 
P.O.  Dox  10,  00016  Montorotondo  Scalo,  Rome,  Italy. 

+  Area  Della  Rlcerca,  C.N.R.,  Servizio  Laser,  P.O.  Box  10, 
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Line  strengths  in  emission  spectra  of  electronically 
excited  diatomic  radicals  have  been  the  subject  of  many 
theoretical  studies  and  experimental  measurements  based  on 
lifetime  determinations.  On  the  other  hand  intensity 
measurements  are  lacking  due  to  the  experimental  difficulties 
in  obtaining  reliable  data  to  be  compared  with  the  behaviors 
predicted  by  the  existing  models.  Spin  forbidden  transitions 
such  as  PH(b^E'*'-*X^E“)  have  an  intensity  dependence  on 
mixed  transitions  moments  leading  to  longer  lifetimes  in 
pulsed  experiments  and  lower  emission  signals  in  equilibrium 
conditions.  Observations  of  the  relative  intensity  of  the 
resolved  rotational  branches  in  the  above  transitions  as 
obtained  in  an  Ar  afterglow  apparatus  is  reported  as  a 
function  of  the  rotational  numbers  N  and  J.  Experimental 
conditions,  such  as  microwave  intensity  and  observation 
geometry,  are  very  critical  in  order  to  obtain  workable  data 
at  high  rotational  numbers  after  temperature  compensation. 
Line  strengths  are  an  increasing  function  of  the  rotational 
excitation  as  expected^^^,  but  the  detailed  behavior  of  the 
curves  reveals  peculiarities  that  deserve  major  refinements 
of  the  existing  literature  expressions.  Crossing  of  and 
terms,  due  to  increasing  rotation,  leads  to  an  exchange  of 
the  mixing  coefficients  values  and  the  active  transition 
moments  are  predominantly  characterized  by  the  parallel 
component. 

(1)  G.  Di  Stefano,  K.  Lenzi,  A.  Margani  and  C.  Nguyen  Xuan, 

J.  Chem  Phys.  fia.  3832  (1977). 

(2)  J.  G.  Watson,  Can.  J.  of  Physics  M.  1637  (1968). 
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OVERTONE  SPECi'ROSCOPY  AND  OVERTONE  IN'I’ENSITIES 

H.G.  KJaergaaril^'\  J.D.  Goddard,  A.W.  Tarr^^\  B.J.  Scliatlka,  and  D.R.  Henrv 

University  of  Guelph,  Department  of  Chemistry  and  Biochemistry, 
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'Hie  gas  phase  overtone  spectra  of  propane,  acetone,  and  dimethyl  ether  have  been 
measured  by  near  infrared  spectroscopy  and  intracavity  dye  laser  photoacoustic 
spectroscopy  in  the  region  Av^^  »  2  -  7.  Overtone  intensities  arc  calculated  with  a 
harmonically  coupled,  anharmonic  oscillator  local  mode  model  to  obtain  the  vibrational 
wavefunctions,  and  ab  initio  calculations  at  the  SCF  level  to  obtain  the  dipole  moment 
functions.  Tlie  calculations,  which  have  no  adjustable  parameters,  can  account  for  the 
spectral  intensities  with  regard  to  their  magnitude,  their  fall-off  with  increasing  v,  and 
their  relative  magnitudes  within  a  given  vibrational  manifold  and  between  molecules. 
The  calculations  are  extended  to  include  electron  correlation  for  overtone  intensities 
in  hydrogen  peroxide.  The  results  are  used  to  explain  the  rotationally  resolved 
overtone  spectra  of  hydrogen  peroxide  in  the  region  Avqjj  «  2  •  4. 
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EFFETS  ISOTOP IQUES  DANS  LA  DISSOCIATION  DES  IONS  DE  DIMETHYL- 
ETHER  PARTIELLEMENT  DEUTERIE  CH3OCD3+ 
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On  a  £tudi6  la  dissociation  des  ions  de  dim6thyl-6ther 
partiellement  deut6ri£  CH3OCD3'*'  dans  un  domaine  d'6nergle  de 
photons  variant  de  10,03  eV  (potentiel  d' ionisation)  &  16  eV. 
Les  ions  sont  produits  par  photoionisation  avec  le  rayonnement 
synchrotron  et  s61ectionn6s  en  ^nergie  Interne  par  une  m^thode 
de  coincidences  entre  photo61ectrons  de  seuil  et  photoions. 

Jusqu'^  13  eV,  les  fragments  prlncipaux  correspondent  & 
une  perte  de  H  ou  de  D  par  simple  rupture  de  liaison. 
N^anmoins,  le  d^calage  des  seulls  de  perte  de  H  et  de  D 
Indlque  qu'il  existe  une  faible  6nergie  d'activation  pour  la 
reaction  Inverse,  qui  vient  des  Energies  de  point  z4ro  des 
modes  de  deformation  C-X.  On  en  deduit  une  nouvelle  valeur  de 
161,1  )ccal/mole  pour  DHf*(Cll30CH2^)  .  Les  produits  CH20H'''  et 
CD20D'‘'  apparaissent  4  11,75  eV,  0,95  eV  au-dessus  du  seuil 
thermodynamique,  et  leur  abundance  reste  faible  dans  tout  le 
dcmaine  d'energle  etudie.  On  n 'observe  pas  de  melange  des 
atomes  H  et  D.  Le  calcul  du  dlagramme  de  fragmentation  par  la 
theorie  RRKM  raontre  que  les  fragments  CX20X'''  (X-  H  ou  D)  sont 
produits  avec  une  barriers  de  1,35  eV.  On  observe  un  effet 
isotoplque  dans  ces  deux  canaux  de  dissociation,  qui  est  bien 
expliqui  par  les  differences  d'energie  de  point  zero  et  de 
densites  d'etats  calcuiees  par  la  theorie  RRKM.  L'analyse 
montre  que,  dans  le  domaine  d'energie  etudie,  1 'effet  tunnel 
n'est  pas  un  processus  important  dans  la  formation  de  CH20H'''. 
Aux  energies  de  photon  de  15  et  16  eV,  les  fragments 
principaux  sont  XCO"*^  et  CX3+  (X"  H  ou  D)  .  On  observe  un 
melange  non  statlstique  des  atomes  H  et  D  dans  CX3'*'. 

Les  effets  isotopiqucs  observes  permettent  ainsi 
d'obtenir  des  informations  sur  les  mecanlsmes  de  dissociation 
en  fonction  de  l'6nergie  interne  des  ions  parents. 
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ISOTOPE  EFFECTS  IN  THE  DISSOCIATION  OF  PARTIALLY  DEUTERATED 
DIMETHYL  ETHER,  CH3OCD3+  IONS 
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The  dissociation  of  partially  deuterated  dimethyl  ether 
ions  (CH3OCD3''')  is  studied  from  the  ionization  potential  of 
10.03  eV  to  16  eV  photon  energy.  Ions  are  produced  by 
photoionlzatlon  with  synchrotron  radiation  and  selected  in 
internal  energy  by  threshold  photoelectron-photoion 
coincidences . 

Up  to  13  eV  the  major  fragments  correspond  to  an  H  or  D 
atom  loss  by  a  simple  bond  cleavage.  Jlowever,  the  shift  in  the 
H  and  D  loss  onsets  indicates  that  there  is  a  small  reverse 
activation  energy  as  a  result  of  the  zero  point  energies  in 
the  C-X  deformation  modes.  A  new  value  for  the  DHf®(CH30CH2'*’) 
of  161.1  Iccal/mol  is  derived.  The  CH20H'*'  and  CD2OD+  products 
appear  at  11.75  eV,  0.95  eV  above  their  thermochemical  onset, 
and  remain  minor  fragments  in  the  whole  energy  range  studied. 
No  scrambling  of  the  H  and  D  atoms  is  observed.  Modeling  of 
the  breakdown  graph  by  RRKM  theory  indicates  that  the  CX20X''' 
(X>  H  or  D)  fragments  are  produced  via  a  1.35  eV  barrier.  We 
observe  an  isotope  effect  in  both  these  dissociation  channels 
which  is  well  explained  by  zero  point  energy,  and  density  of 
states  differences  in  the  frameworli  of  the  RRKM  calculations  .- 
The  analysis  shows  that  in  the  energy  range  investigated, 
tunneling  is  not  an  important  process  in  the  CH20H‘''  formation. 
At  15  and  16  eV  photon  energy,  the  main  fragments  are  XCO'*'  and 
CX3'*'  (X  -H  or  D)  .  Non  statistical  scrambling  of  the  hydrogen 
atoms  in  CX3‘''  is  observed. 

In  view  of  all  these  isotope  effects,  the  dissociation 
mechanisms  are  discussed  as  a  function  of  the  internal  energy 
of  parent  ions. 
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Dynamiques  de  dissociation  du  Per  Carbonyle* 
Nitrosyle  excite  en  couche  interne. 
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Oepuis  peu,  I'excitation  en  couche  interne  do  molecules  polyatomiques 
est  un  sujet  passionnant  en  ce  qui  concarne  la  chimie  sdlectivitd  [1-3].  En 
efiet,  rid4e  de  rompre  sdlectivement  une  liaison  chimique  repose  sur  les 
localisations  du  trou  interne  et  des  orbitales  mol^culaires  antiliantes  de 
certaines  liaisons  chimiques.  L'utilisation  du  rayonnement  synchrotron 
monochromatis4  pour  exciter  s4lectivement  un  atome  en  couche  interne 
s'impose  car  c'est  la  seule  source  de  photon  accordable  susceptible  de 
fournir  des  photons  dans  cette  gamme  d'^nergie. 

(I)  PynamiQue  de  relaxation 

Nous  avons  4tudi4  Fe(CO)2(NO}2  an  excitant  s4lectivement  le  ligand 
carbonyle  ou  le  ligand  nitrosyle  en  couche  K  du  carbone  ou  de  I'azote. 
Malgr4  la  trds  forte  localisation  des  trous  form4s,  les  processus  de 
fragmentation  semblent  identiques  :  Les  difl4rentes  voles  d'ionisation  multiple 
sont  les  mdmes  aprds  excitation  en  couche  K  du  carbone  ou  K  de  I'azote. 
Nous  interpr4tons  ces  r4sultats  surprenant  comme  4tant  dO  h  une  tr4s  rapide 
reconversion  de  r4nergie  compar4e  4  la  dynamique  de  fragmentation. 

(II) .  Pynamlquailfl.ffagmsatatiBn 

L'analyse  d4taill4e  de  la  correlation  des  Ions  form4s  en  coincidence  lors 
de  la  double  Ionisation  dissociative  permet  de  tirer  des  informations  sur  la 
s4quentlalit4  des  ph4nom4nes  de  fragmentation'*.  Nous  avons  pO  en 
particulier  montrer  que  le  module  de  t'4vaporation  successive  des  ligands 
s'adapte  particulidrement  bien  au  Per  Carbonyie-Nitrosyle  doublement  ionise. 

1 :  J.  MuraKani,  M.  C.  Nolson,  S.  Anderson,  D.M.  Hanson  J.  Chom.  Phys.  85,5755.(19BG) 
2;  R.  Murphy,  W.  EborliardI  J.  Chom.  Phys.  89,4054,(1988) 

3;  W.  Habornichl,  H.  Bailer,  K.  Mullcr-Delsihet,  E.  Schlag,  Physica  scripla  41,814  (1990) 

4:  J.  1 1,  Eland,  Mol.  Phys.  61,725  (1987) 
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Dissociation  dynamics  of  Core  Excited  iron  Carbonyl- 

Nitrosyi 
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Special  attention  has  been  paid  recently  to  core  excitation  of 
polyatomic  molecule  in  the  quest  (or  selective  photochemistry' *3.  Indeed 
taking  advantage  of  core  hole  localization  as  well  as  localization  of 
antibonding  orbitals  along  a  specific  chemical  bond,  the  simple  idea  merged 
up  to  expect  a  selective  fragmentation  following  inner-shell  excitation  using 
monochromatized  synchrotron  radiation. 

fit  Dynamics  of  relaxation 

We  have  studied  Fe(CO)2{NO)2  by  exciting  selectively  the  carbonyl 
ligand  or  the  nitrosyl  ligand  from  K  shell  of  N  and  C.  Despite  the  very  localized 
character  of  the  created  holes,  fragmentation  pattern  doesn't  exibit  any  site 
selectivity  ;  multiple  ionization  channels  do  not  depend  at  all  on  wether  the 
carbon  or  nitrogen  has  been  excited.  We  Interpret  this  surprising  result  as  due 
to  a  very  fast  internal  energy  conversion  as  compared  to  fragmentation 
dynamics. 

(II)  Dyjiamics.afifflflmflDlatiQn 

Ions  issued  from  dissociative  double  ionization  are  detected  in 
coincidence.  A  detailed  correlation  analysis  of  their  kinetic  momemtum 
reveals  information  about  fragmentation  sequentiality''.  We  were  able  to  show 
that  the  ligand  succesiv  evaporation  model  is  particularly  well  adapted  to  the 
double  ionized  Iron  carbonyl  nitrosyl  dissociation. 

1 ;  J.  MurakanI,  M.  C.  Nelson,  S.  Anderson,  O.M.  Hanson  J.  Chem.  Phys.  05,5755,(1906) 

2:  R.  Murphy,  W.  Eberhardt  J.  Chem.  Phys.  89,4054,(1900) 

3:  W.  Habernicht,  H.  Bailer.  K.  Muller-Delsihel,  E.  Schlag,  Physisa  scripla  41,814  (1990) 

4:  J.  H.  Eland,  Mol,  Phys.  61,725  (1987) 
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PHOTODISSOCIATION  DE  LA  S-TETRAZINE  DANS  L’ETAT 
(Si) ;  UN  PROCESSUS  REGI  PAR  LA  GEOMETRIE  DE  L’ETAT 

DE  TRANSITION 
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La  photodissociation  d'une  mol6cul9  polyatomiqua  est  un  processus 
photochimique  de  base,  k  I'origine  de  nombreux  travaux.  Nous  voulons  id  nous 
pencher  sur  le  cas  de  la  S'tdtrazlne  (C2N4H2)  qut  est  connue  depuls  le  d4but  du 
si^cle  pour  se  decomposer  en  trots  fragments  ;  2HCN  +  N2.  Plusieurs  etudes  ont  eu 
pour  objet  le  mecanisme  lui'mdme^’3,  ainsi  que  la  determination  de  certaines 
distributions  d’energie  vibrationnelle^  (N2,  Vf  et  V3  de  HCN). 

Nous  nous  proposons  id  de  reconsiderer  ce  probieme  grece  k  une  technique 
deje  utilisee  pour  i'etude  de  ia  photoionisation  de  I'iode  atomique  produit  par 
dissociation  laser  de  12.^  et  qui  consiste  k  utiliser  un  laser  continu  Ar+  pour  exciter 
retat  (Si),  et  k  sender  ies  fragments  par  Spedroscopy  de  PhotoElectrons  (SPE)  k 
I'aide  du  rayonnement  synchrotron.  En  enregistrant  des  SPE  k  une  energie  de 
photons  de  23  eV,  nous  avons  observe  une  dissociation  quasl-compiete  avec  une 
puissance  laser  de  3  W,  et,  k  rechelle  de  temps  de  notre  experience  (~100  ns),  nous 
n'avons  detecte  aucun  autre  fragment  que  N2  et  HCN,  ce  qui  penche  en  faveur  du 
mecanisme  de  triple  dissociation  concertee  propose  par  Zhao  ef  a/.^.  De  plus,  nous 
trouvons  que  5.4  %  des  fragments  N2  sont  dans  retat  v-1 ,  et  qu'au  molns  26  %  de 
chaque  fragment  HCN  est  vibrationnellement  excite,  surlout  dans  ie  mode  de  pliage 
(n»1  k  6),  et  probabi'ement  tres  peu  dans  le  mode  d'eiongation  C-N  (n»1).  Ces 
resuitats  ne  s'expliquent  pas  dans  un  modeie  statistique  de  redistribution  de 
renergie  disponible  (103.2  kcal/mol),  mais  sont,  en  revanche,  parfaitement 
consistants  avec  le  modeie  de  la  geometrie  de  i'etat  de  transition  calcuiee  par 
Scheiner  ef  a/.  De  plus,  ces  faibles  distributions  d'energie  vibrationnelle  laissent  k 
penser  qu'une  forte  excitation  rotationnelle  est  presente  dans  Ies  fragments,  en 
particulier  pour  HCN. 

1.  J.H.  Glownia  and  S.J.  Riley,  Chem.  Phys.  Lell.  71, 429  (1980) 

2.  X.  Zhao,  W.B.  Miller ,  E.J.  Hintsa  and  Y.T.  Lee,  J.  AM.  Chem.  Soc.  108, 8160  (1989). 

3.  A.C.  Scheiner,  G.E.  Scuseria  and  H.F.  Schaelor  III,  J.  Am.  Chem.  Soc,  108, 8160  (1986). 

4.  D.  Coulter,  0.  Dows,  H.  Relsler  and  G.  Witiig,  Chem.  Phys.  32, 429  (1978). 

5.  L.  Nation.  J.  Tremblay,  M.  Lar7illl6re,  L.  Dully  and  P.  Morin,  Nucl.  Insir.  Melh.  B  47, 72  (1990). 
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PHOTODISSOCIATION  OF  S-TETRAZINE  IN  THE  (Si)  STATE  ; 
A  PROCESS  GOVERNED  BY  THE  GEOMETRY  OF  THE 
TRANSITION  STATE 
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Photodissociation  of  a  polyatomic  molecule  is  a  basic  photochemical  process, 
which  study  has  motivated  numerous  works.  We  wish  to  focus  here  on  the  case  of  s- 
tetrazine  (C2N4H2)  which  is  known  since  the  begining  of  the  century  to  decompose 
into  three  fragments  :  2HCN  -t-  N2.  Several  studies  have  dealt  with  the  mechanism  of 
the  dissociation  itselfi*^,  as  well  as  the  determination  of  some  vibrational 
distributions  of  the  fragments^  (N2.  V]  and  V3  of  HCN). 

We  propose  here  to  reconsider  this  problem,  by  means  of  a  technique  already 
used  to  investigate  the  photoionization  of  atomic  iodine  produced  by  the  laser 
dissociation  of  12.^  which  consists  to  use  a  cw  Ar*  laser  to  excite  s-terazine  in  the  (S^ 
state,  and  to  probe  the  fragments  by  PhotoEiectron  Spectroscopy  (PES)  with  the 
synchrotron  radiation.  By  recording  PES  at  23  eV  photon  energy,  we  have 
oberserved  a  nearly-complete  photodissociation  with  a  laser  power  of  3  W,  and  on 
the  time  scale  of  our  experiment  (~100  ns),  we  do  not  have  detected  any  other 
Iragments  than  N2  and  HCN,  which  is  in  favor  of  the  triple  concerted  dissociation 
mechanism  proposed  by  Zhao  el  al.^.  Moreover,  we  find  that  5.4  %  of  the  nascent  N2 
fragments  depart  with  val,  and  at  least  26  %  of  each  HCN  fragments  are  vibrationally 
excited,  mainly  in  the  bending  mode  (n-l  to  6),  and  probably  to  a  very  small  extent  in 
the  C-N  streching  mode  (n-l).  These  data  cannot  be  explained  by  a  statistical  model 
of  redistribution  of  the  available  energy  (109.2  kcal/mol),  but  are  fully  consistent  with 
the  equilibrium  geometry  model  of  the  transition  slate  calculated  by  Scheiner  el  al. 
Moreover,  these  low  vibrational  energy  distributions  lead  to  the  fact  that  a  high 
rotational  energy  should  be  carried  by  the  fragments,  especially  lor  HCN. 
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2.  X.  Zhao,  W.B.  Miller ,  E.J.  Hintsa  and  Y.T.  Leo,  J.  AM.  Chom.  Soc.  100, 81G0  (1909). 

3.  A.C.  Schoinor,  G.G.  Scuseria  and  H.F.  Schaelor  III.  J.  Am.  Chom.  Soc,  100. 0160  (1906). 

4.  D.  Coullor,  D.  Dows,  N.  Roislor  and  G.  Wiiilg,  Chom.  Phys.  32, 429  (1970). 

5.  L.  Nation,  J.  Tremblay,  M.  Larzilll6re,  L.  Dully  and  P.  Morin,  Nucl.  Instr.  Moth.  B  47, 72  (1990). 


MICROSOLVATATION  DE  U  MOLECULE  DE  BENZENE  PAR  DES  ATONES  DE  GAZ  RARE 
STRUCTURE  DES  COMPLEXES  BENZENE>Ar„ . 

M.  Schmidt.  H.  Mons  and  J.  U  Calvd 
CEN  Saclay,  DSM/DRECAN/Servlca  daa  Photons,  AComet  at  Moldcules 
91191  Clf-aur>yvatta,  FRANCE, 

Da  nouveaux  rdtultats  sur  la  mlcrosolvatatlon  da  la  raoldeula  da  banzina 
(Bz)  par  da  atoinaa  da  gaz  rara  (Ar,  Kr)  onC  dtd  obtanus  par  la  tachnlqua  da 
1* ionisation  rdsonnanta  A  daux  photons  daux  eoulaurs  (1R2P>2C)  eouplia  A 
una  axpansion  suparsoniqua  at  A  un  spactronAtra  da  massa  A  tamps  da  vol 
/!/. 

La  masura  das  dAplacamants  spactraux  par  complaxation  (transition 
S)  Sg  6g  du  Bz)  at  das  spaetras  d'aCflcacitA  d’ ionisation  ont  parmis  da 
montrar  qu'il  axista  dans  las  complaxas  Bs>Ar^  (l<n<7)  daux  classas 
distinctas  d'iaomAras,  rasponsablas  daa  daux  sArias  da  bandas  (notAas  A  at 
B)  dans  la  spactra  IR2P  das  complaxas.  Dans  las  isomAras  A  las  stomas 
d'argon  sont  distribuAs  das  deux  cAtAs  da  la  molAcule  da  benzAne  alors  qua 
dsns  lea  isomAras  B  tous  las  stomas  sont  situAs  du  mAma  c6cA  /!/, 

Una  caractArisation  das  agrAgats  portant  sur  I'axistanca  d'isomAras, 
laur  structure  gAomAtrique,  at  laurs  proprlAtAs  tharmodynamiques  ast 
prAsantAe,  notammant  pour  la  complaxa  Bz^Ar^.  L'attribution  das  bandas  A  at 
B  ast  rAalisAa  d'aprAs  1' analyse  da  laur  contour  rotationnal  (rAsolution 
«  0.09}  at  Avac  I'aida  d'un  calcul  da  structure  (potentials  atoma>atome)  at 
da  simulations  Monte  Carlo  /2/.  Las  contours  rotationnals  das  aspAces  1:2 
sont  trAs  diffArants,  L«  contour  da  la  banda  A,  caractAristiqua  d'uns 
toupia  symAtrique  allongAa,  prAsente  una  structure  an  sous>bandes  K,  tandis 
qua  la  contour  da  la  banda  B,  calui  d'una  toupia  sssymAtriqua,  possAde  una 
large  branche  Q  non-strueturAa  at  das  branches  R  at  P  da  faibla  intsnsitA. 
La  modAle  das  potentials  otome-atome  suggAra  una  symAtrie  C,  pour  I'isomAre 
B  dissymAtriqua  formA  d'un  stoma  Ar  au  dassus  du  cycle  benzAniqua  at  d'un 
second  an  position  pAripheriqua  dans  I'aspace  antra  daux  II  voislns. 

Las  simulations  Monte  Carlo  montrent 
I'axistanca  d'au  moins  daux 
configurations  stables  pour  las 
complexes  Bz-Rg^  (n>l)  (Rg  -  Ar,  Kr)  A 
la  tamperature  du  Jet  suparsoniqua.  Laur 
stabilitA  at  laurs  propriAtAs 
tharmodynamiques  sont  discutAas. 

/!/  H.  Schmidt,  M.  Mons  and  J,  La  ColvA, 

Chem.  Phys.  Lett.  U1  (1991)  371. 

/2/  N.  Schmidt,  N.  Mons  and  J.  La  CalvA, 

P.  MllliA  and  C.  Cossart-Magos ,  Chem.  *  Simulation  Honca  Carlo 

Phys.  Lett.:  in  press.,  i  5  K  du  cowplaxa  Bz-Arj  . 
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LA  REACTION  PHOTOCHIMIQUECs(7P)+H2  ->  Csll+H. 
J.-M.L'Herniitc,  G.Ralimol,  R.Vctlcr 

Laboratuirc  Aimi!  Colton,  C.N.R.S.  il,  91405  Orsny  Cedcx,  Prance. 


La  rdaction  a  did  dtudidc  cn  faisccaux  croisds,  avcc  un  faisccau  .supcrsoniquc 
d'hydrogdnc,  un  faisccau  cffusif  dc  cesium  cl  deux  faisccaux  laser  continus,  monomodcs  cl 
accordabics.  Lc  premier  csl  utilisd  pour  compenser  I'cndodncrgdlicild  dc  la  rdaction  (*2,7  cV) 
cn  excitant  Ics  atomes  dc  cesium  sur  unc  transition  dc  rdsonance  6S1/2  ^^ln,3n  d  lc  second 

pour  sondcr  i'dtat  dcs  produits  dc  rdaction  par  ia  technique  dc  fluorescence  induite  par  laser 
(F.I.L.).  L'analysc  It  haute  rdsolution  dcs  proflis  dc  fluorescence  dc  CsM  conduit  It  la  mesure 
dcs  sections  cfficaces  lotalcs  cl  diffdrcnticllcs  pour  tous  Ics  dtats  rotationncis  peupids  par  la 
rdaction. 

•La  mesure  dcs  sections  cfficaces  lotalcs  donne:  o(7Pj/2) «  4.2  10*  I®  cm^  cl  o{7Pj/2) » 
1  cm^.  Bile  permet  dc  comparer  I'cfflcacild  du  processus  photochimique  (Cs  dans  I'dtat 
7P)  It  ccllc  dcs  processus  indlasliqucs  dus  aux  autres  dtaui  cxcitds  (Cs  dans  I'dtat  6S,  6P,  SD  cl 
7S).  Dc  plus,  cllc  monlrc  I'cxisicncc  d'un  *cffct  dc  structure  rinc\  intcrprdtd  dans  lc  cadre  d'un 
mdeanisme  dc  harponnage.  Cc  rdsullal  csl  confirmd  par  rcxistcncc  d'un  "cffcl  dc  structure 
hypcrfinc"  montrant  que  la  section  cfficacc  vatic  lorsquc  Ton  tournc  la  polarisation  du  faisccau 
laser  qui  excite  Ics  atomes  dc  cesium. 

-Lcs  sections  cfficaces  diffdrcnticllcs  sont  mcsurdcs  dircctcmcnl  dans  lc  centre  dcs 
masses  (tcchni(|ue  Doppler).  La  Tonne  dcs  profils  dc  fluorescence  enregistrds  quand  lc  faisccau 
laser  d'analysc  csl  paralldic  It  I'axc  dc  collision  montre  un  fort  piquage  vers  I'avant  dcs  produits 
CsH,  Ic  long  de  In  vitesse  initialc  du  cesium;  Tangle  dc  diffusion  diminuc  avcc  Tdncrgic  dc 
collision  mnis  csl  inddpendant  de  la  rotation  dc  CsH.  Ccs  rdsullals  sont  cn  accord  avcc  dcs 
calcuis  .scmi<cla.<isiqucs  cl  dcs  cniculs  quantiques. 

-Dcs  cxpdricnccs  d'abtiorptiun  salurdc  peuvent  Ctre  mcndcs  stir  ce  systdme,  In  ddtcction 
des  produits  sc  fnisnnl  cn  rdgime  dc  saturation  cohdrcntc.  En  rcnvoynnl  Ic  faisccau  la.scr 
d'analysc  sur  lui-inCmc  au  volume  dc  collision,  on  observe  un  creux  au  somincl  du  profit  dc 
fluorc.sccncc;  il  curre.sp()nd  aux  moldculcs  qui  diffusent  duns  lc  plan  de  collision.  L'applicalion 
dc  cette  tcchni(|ue  pourrail  conduire  It  la  sdicclion  dc  produits  dc  rdaction  dans  un  plan  ou  .scion 
unc  direction. 
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THE  Cs(7P)+H,  -» CsM+H  PHOTOCHEMICAL  REACTION. 

J.-M.L'Hcrmilc,  G.Ralimat,  ILVcllcr 

Laboraloirc  Aimd  Codon,  C.N.R.S.  11, 91405  Orsay  Ccdcx,  France. 


The  Idle  reaction  is  studied  with  a  crossed-bcum  apparatus  involving  a  supersonic  beam 
of  hydrogen,  an  effusive  beam  of  cesium  and  two  C.W.  narrow-band  tunable  dye  laser  beams. 
The  Erst  one  is  used  to  compensate  the  cndocrgiticity  of  the  reaction  (»  2.7  cV)  by  exciting  Cs 
atoms  on  a  6S|/2  *  resonant  transition  and  the  second  one  to  probe  CsH  product 

states  through  the  iascr-induced  fluorescence  technique  (L.I.F.}.  Iligli  resolution  analyses  of 
CsH  fluorescence  profiles  lead  to  the  measurement  of  total  and  differential  reactive  cross 
sections  for  ail  rotational  states  populated  by  the  reaction. 

-Total  reactive  cross  sections  arc:  o(7Pi/2)  =  4.2  10**®  cm^  and  oOPjn) «  1  10**® 
cm^.  They  give  a  clear  indication  of  the  efficiency  of  the  photochemical  reactive  process  (Cs 
atoms  in  the  7P  state)  with  respect  to  the  inelastic  processes  associated  witli  other  excited  states 
(Cs  atoms  in  tlic  6S,  6P,  5D  and  7S  states).  Furtliermorc,  they  show  the  existence  of  a  "fine 
structure  effect"  wliiclt  is  interpreted  in  the  frame  of  a  harpooning  mechanism.  Tliis  result  is 
confirmed  by  observing  a  "hypcrfinc  structure  effect",  wlicrc  the  reactive  cross  section  is  a 
function  of  tlic  polarization  of  die  laser  beam  which  excites  Cs  atoms. 

•The  differential  cross  sections  arc  measured  directly  in  die  center  of  mass,  by  use  of  the 
Doppler  technique.  Tlie  shape  of  fluorescence  profiles  recorded  when  the  analysis  laser  beam  is 
parallel  to  the  collision  axis  revcais  a  pronouced  "forward"  peaking  of  CsH  products  along  the 
direction  of  incoming  Cs  atoms;  it  narrows  with  reagent  collision  energy  but  is  independent  of 
product  rotation.  These  results  arc  in  agreement  mih  scmi-classical  and  quanuil  calculations. 

-Saturated-absorption  experiments  can  be  conducted  on  this  system,  the  Ll.P.  detection 
being  perfonned  in  a  coherent  saturation  regime.  By  sending  die  analysis  laser  beam  back  to  the 
collision  volume  (counterpropagating  waves),  one  observes  a  narrow  dip  at  the  top  of 
fluorescence  profiles;  under  our  experimental  conditions,  it  corresponds  to  CsH  products  which 
scatter  in  the  collision  plane.  Application  of  this  technique  could  lead  to  the  selection  of 
products  which  scatter  in  a  given  plane  or  in  a  given  dirccdon. 
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LA  PHOTOCHIMIE  DU  cw-PENTADlfeNE5-l,3  EN  PHASE 
GAZEUSE  k  184,9  ET  147,0  nm.* 

Guy  J.  COLLIN',  Helene  DESLAURIERS*  et  George  R.  DE  MARE" 

*  Dip^rlcincnt  <lct  Sciences  rondamcntalct,  Univeriild  du  Qudbec  k  Clilcoutimi,  Chicoutimi, 

Qudbec,  Cuada. 

’*  Laboraloirc  de  Cliimie  Physique  Motdculatre,  Fkcull£  des  Sciences  CP.ICO,  Universiti  Libre 
de  Ilruxcllcs,  SO,  av.F.D.  Roosevelt,  D-IOSO  Druxellcs,  Delgiqiic. 


Ln  pliotocliiinie  du  eis-pcntadihue-1,3  n  etc  c.adice  a  184,0  et  A  147,0  nin  cn  plinsc 
gnzeuse.  Les  produits  miijeurs  observes  a  184,0  nm,  outre  Ic  trans>pcntndiAnc-l,3,  sont 
le  cyclopentadicne-1,3  et  divers  rndicaux  rAvcics  par  I’addition  d’iodure  d'liydrogcnc.  Lc 
cyciopentadihne  est  forme  tres  probabieinent  via  Pdlimination  successive  de  deux  atomes 
d’liydrogeiic  avec  isomerisation  concurrcntc  du  radical  pcntadiAnylc  vers  la  structure  cy> 
clopentenyle:  ♦o(cyclo-Csns)  as  0.25. 

L’diimination  du  radical  indthyle  (^o  —  0.50)  cat  dgalement  importante.  II  y  a  for¬ 
mation  concomittantc  des  radicaux  CH]sCHCH=*CH*  et  dans  une  moindre  mesurc 
des  rndicaux  CH]=C=CH*CH].  On  n*a  cependant  pas  pu  dtablir  si  ce  dernier  radical 
provient  do  I’isomcrisation  du  precedent,  ou  s’il  provient  d’une  moldcule  de  (rentadidne- 
1,2'*  resultant  de  I’isomdrisation  de  la  moldcule  photocxcitde.  On  a  pu  enfin  observer 
line  isomerisation  conduisant  vers  la  formation  de  pcntadi6ne-l,4  ($o  —  0.03s  d:  0.01s). 

A  147,0  nin,  on  retrouve  les  incmea  caracldristiqucs,  avec  une  fragmentation  plus  poussdc 
des  intermediaires.  L’cnergic  8U|)crieure  disponible  A  cette  longueur  d’ondc  cxpliqtic 
cette  observation.  Globnlcment,  la  pliotofrngmentation  du  ets-pcntndicnc-1,3  s'appnrcntc 
beaucoup  plus  A  la  pliotochimie  des  alcAncs  acycliques  et  assez  peu  A  cellc  du  butadiAne- 
1,3  qui  pn.ssc  surtout  par  I’isoincrisatioii  vers  la  structure  butadicnc-1,2.’ 


'G.J.  Collin,  H.  Pcslanriera  et  G.R.  Do  Mare,  Can.  J.  Ckcm.,  sous  presse. 

’G.J.  Collin,  II..  Dcalanricri,  G.R.  Do  Mare  et  R.A.  Poirier,  J.  Pkp.  Chtm.,  If  (IS90)  tSi. 
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PHOTOCHEMISTRY  OF  GASEOUS  c«.l,3-PENTADIENE  AT 
184.9  AND  147.0  niii.‘ 

Guy  J.  COLLIN*,  Hclcnc  DESLAUIUERS*  and  George  R.  DE  MARE** 

*  Dcparlcmciit  dcs  Scicncci  foiulamcnlaics,  Univertili  du  Qudbcc  k  Cliicoulimi,  Cliicouliini, 

Qudbec,  Canada. 

**  Laboraloiro  dc  Cliimlc  Pliyiiquc  Moldculairo,  FbcuUd  dci  Sciences  CIMCO,  Universitd  Libre 
do  Oruxcllci,  SO,  av.F.D.  Roosevelt,  D-IOSO  Brussels,  Belgium. 


The  photochemistry  of  gaseous  cM-l,3*pcntadicnc  has  been  studied  at  184.0  and  147.0 
nm.  IZVaru*l,3-pcntadicnc  and  1,3-cycIopcntadicnc  arc  the  main  products  observed  at 
184.9  nm.  The  formation  of  radicals  also  occurs  as  is  shown  through  the  use  of  D1  as 
a  radical  scavenger.  Cyclopcntadiene  is  the  likely  product  of  successive  eliminations  of 
two  hydrogen  atoms  from  the  photoexcited  molecule  after  rearrangement  of  the  penta- 
dienyl  radical  to  the  cyciopentenyl  structure:  4^o(cyclo-CsHo)  ^  0.25. 

Elimination  of  a  methyl  radical  (4o  a  0.50)  also  occurs  yielding  CHtsCHCHs’CH* 
and,  to  a  lesser  extent  CH]=Cs:CH*CHJ  radicals.  However,  it  is  not  possible  to  identify 
properly  the  mechanism  of  the  formation  of  the  latter  radical.  It  may  be  the  result  of 
the  isomerisation  of  eitlier  the  photoexcited  molecules  or  the  I,3-butadicn>l-yl  radicals. 
A  small  amount  of  1,4-pcntadicnc  formation  is  also  observed  $o(cyclo>C|H«)  sr  0.25. 

At  147.0  nm,  the  same  caractcristics  are  observed,  together  with  higher  fragmenta- 
tici  due  to  the  higher  energy  content  of  the  photoexcited  molecules.  It  appears  that 
the  photofragmentation  at  both  wavelengths  is  more  in  lino  with  that  of  acyclic  alkencs, 
contrary  to  that  of  1,3-butadicnc  whicli  involves  an  important  isomerisation  of  tlic  pho¬ 
toexcited  molecules  to  the  1,2-butadicne  structure.’ 


'G.].  Collin,  II.  Dcsisutieti  and  G.R.  Ds  Mm4,  C*n.  J.  Chtm.,  in  prcH. 

*G.J.  Collin,  II.  Detituriers,  G.R.  D«  Maid  and  R.A.  Poiiiei,  J.  Phfi,  Chtm.,  94  (i990)  134. 
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Reactivity  of  binary  clusters 
NiO  —  (w4r)„  with  barium  atoms 

A.  Lallement,  J.  Cuvellier,  Mesldagh  and  P.  Meynadier, 

P.  de  Pujo,  0.  Sublemontier,  3.-P.,  Visticol, 

3.  Berlande,  and  X.  Biquard 

Service  des  Photons,  Atomes  et  Molecules 
C.E.N,  Saelay 

91191  Gif-sur~Yvette  cedex,  Prance 

Our  group  is  involved  in  investigating  the  reactivity  of  homogeneous  and 
binary  van  der  Waals  clusters  with  ground  state  and  electronically  excited 
metal  atoms  (barium  at  the  present  time). 

Several  experiments  of  our  group  have  revealed  that  reactions  that  are 
normally  chermluminescent  in  the  gas  phase  (e.g.  Ba(646p  ^Px)  +  /f  jO  -♦ 
BaOH’+H)  are  no  longer  chemiluminescent  when  taking  place  within  large 
homogeneous  clusters.  The  clusters  studied  so  far  are  (AfsO)„,  (BiO)nt  or 
(^Oi)n  with  n  ranging  from  a  few  hundred  to  a  few  thousand.’’*  This  ob¬ 
servation  was  interpreted  as  due  to  the  solvation  of  the  reaction  product 
within  the  remaining  of  the  cluster.  The  numerous  non  radiative  couplings 
available  in  molectdar  clusters  then  account  for  the  quenching  of  the  chemi¬ 
luminescence. 

The  new  results  that  will  be  presented  at  the  conference  show  that 
in  contrast,  chemiluminescence  is  not  quenched  when  the  reaction  occurs 
within  a  binary  cluster.  One  of  the  result  presented  concerns  barium  react¬ 
ing  with  NiO  -  (Ar)„.  The  noble  gas  cluster  (Ar)^  in  which  the  reactant 
NiO  was  deposited  plays  to  different  roles:  i)  it  is  a  "net”  that  catches  the 
flying  barium  with  a  large  cross  section  and  ii)  it  is  a  solvent  in  which  the 
reaction  takes  place,  i.e.  it  allows  the  two  reactants  to  migrate  and  to  be 
close  enough  to  react. 


1.  3.P.  Visticot,  3.M.  Mestdagh,  C.  Alcaraz,  3.  Cuvellier  and  3.  Berlande, 
3.  Chem.  Phys.  88,  (1988)  3081. 

2.  3.,  Cuvellier,  3.M.-  Mestdagh,  P.  Meynadier,  P.  de  Pujo,  0.  Suble¬ 
montier,  3.P.  Visticot,  3.  Berlande,  A.3.  Bell  and  3.G.  Frey  Chem.  Phys. 
Lett.  170,  (1991)  325. 
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Photodissocinliuii  Dynamics  of  Doubly  Gxcilcd  Slates  of  II2 
Murk  A.  Buntinc*,  David  P.  Baldwin  and  David  W.  Chandler 
Combustion  Research  Facility,  Sandia  National  Laboratories, 

Livermore,  CA,  ‘>4551 
and 

*  D  .partment  of  Cheinisity,  Stanford  University 
Stanford,  CA,  94305 

We  have  applied  photofragment  ion  imaging  to  investigate  the  dissociation  dynamics  of 
low  lying  doubly  excited  states  of  molecular  hydrogen.  Two>stcp,  two-color  multiphoton 
excitation  of  II2,  first  via  201  nm,  two-photon  excitation  into  the  E.F  (v^O,  Jd)  state, 
followed  by  563  nm,  1+m  (m-1,2)  excitation  through  the  D  'Hq  (va2,  Jb1,2},  B"  'Zu+  (v=0, 
J*‘0,2),  B’  (v*4,  J>0,2)  and  C  Iflu  (v“ll,  J=l)  stales  provides  a  ready  means  of 
populating  several  low  lying  doubly  excited  stales  of  1 12  as  a  function  of  increasing  iniernuclear 
distance.  From  these  repulsive  states,  piedissocinlion  and  auloionization  are  both  possible. 
Becau;^  tlie  excitation  energy  remains  essentially  constant  as  each  intcnnediaic  slate  is  accessed, 
diffe  .ences  in  the  photodissociation  dynamics  via  each  state  can  be  ascribed  directly  to  the 
effects  of  changing  iniernuclear  separation.  11'*’  fragments  detected  from  each  photodissociation 
pathway  ore  distinguished  by  their  differing  velocities  in  an  ion  invige.  A  typical  image  consists 
of  concentric  rings  of  1 1+  fragnKnt  ions. 

Image  analysis  of  ions  formed  following  phoiodis.sociation  from  the  repulsive  states 
has  shown  that  several  prcdissocialion  and  auloionization  channels  arc  active.  At  smaller 
iniernuclear  separations,  absorption  of  two  red  photons  in  a  resonant  process  through  either  the 
D  (v»2)  or  B"  (v»0)  intermediate  states  leads  to  predissociation  via  the  'fig  (2pa„)(2pnu) 
repulsive  state,  resulting  in  1 1  (n»l)  and  II  (n««3)  production.  Tlie  electronically  excited  1 1  atom 
absorbs  a  further  red  photon  which  leads  to  its  ionization  and  detection. 

Increasing  the  iniernuclear  separation  by  excitation  through  the  B*  (v-4)  or  C  (v^l  1) 
intermediate  stales  shows  dramatically  different  photodissociation  behavior.  1  +  1  photon 
absorption  via  these  stale  leads  to  11  (n«l)  and  H  (n'»3)  production  ns  a  result  of  prcdis.socialion 
via  the  'fig  (2po^)(2pll^)  repulsive  state.  In  addition,  nbsontiion  of  two  red  photons  from  the 
B'  (v=4)  or  the  C  (v»l  1)  state  (which  can  be  thought  of  ns  a  1+2  resonant  absorption  from  the 
E,F  stale)  leads  to  II2  dissociation  via  the  ^flu  (2pOu)(2png)  slate  with  concomitant  production 
of  11  (n=l)  and  II  (n=5).  Competing  with  predissociation  via  the  B'  (v«4)  inlemicdialc  state, 
auloionization  from  the  Iflg  (2po„)(2pRu)  slate  leads  to  II2+  formation.  Prompt  absorption  of 
an  additional  red  photon  from  II2''’  (v=2-5)  leads  to  dissociation  of  the  molecular  ion. 

lliis  work  is  supported  by  the  U.S.  DcixirUnciit  of  Energy,  Omcc  of  Dasic  Energy  Sciences,  Division  of 
Clicinical  Sciences. 
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Cage  effect  on  the  photodissociation  of  small  molecules 
in  rare  gas  matrices 

R.  Schrievet,  H.  Kunz,  K.H.  Gfidderz,  M.  Chergui,  J,  McCaffrey  and  N.  Schwentner 
InsUtut  fdi  Experimentalphysik,  FU  Betlin,  Arnimallee  14,  D-1000  Berlin  33 


The  first  step  In  understanding  photochemical  reactions  in  condensed  media  goes  via  a 

microscopic  description  of  the  most  elementary  of  such  reactions:  the  photodissodation 

process  on  a  purely  repulsive  potential  surface  and  the  resulting  effect  of  the  cage  on  it. 

In  other  words,  what  are  the  energy  barriers  for  cage  exit  and  what  is  the  energy 

dependence  of  the  photodissociation  quantum  yield?  This  problem  has  been  studied  by 

\ 

us  on  H]0  and  Cl]  trapped  in  rare  gas  matrices,  by  means  of  synchrotron  radiation. 
Cage  induced  barriers  for  H  atom  escape  have  been  determined  for  dissociation  of  H]0 
in  the  first  continuum  in  Ar,  Kr  and  Xe  matrices.  Temperature  as  well  as  deuteration 
effects  have  also  been  investigated.  Finally,  absolute  photodissodation  quantum  yields 
have  been  measured.  Models  accounting  for  the  barrier  energies  and  for  the  dependence 
of  the  dissodation  effidency  above  threshold  with  matrix,  iosotopic  and  temperature 
changes  will  be  presented  and  discussed.  Similar  investigations  were  carried  out  for  the 
case  of  Ci]  and  the  discussion  will  focuss  on  the  influence  of  the  local  structure  and  the 
distribution  of  final  sites  of  the  fragments  on  the  dissociation  energy  barriers  and  effi- 
ciendes.  Our  results  will  also  be  compared  to  recent  Molecular  Dynamics  simulations. 
These  predict  a  direct  and  delayed  cage  eadt  mechanism  for  heavy  (Cl)  and  light  (R) 
fragments,  respectively. 
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ON  THE  193  NM  PHOTODISSOCIATION  OF  ACETONE 
Ruth  McDlarmld 

National  Institutes  of  Health,  Bethesda,  Md.  20892,  USA 

The  193  nm  laser  line  has  been  used  as  an  excitation 
source  for  investigating  the  photodissociation  of  acetone. 
Light  of  this  frequency  excites  acetone  in  its  3s  Rydberg 
<-  X  transition  region.  The' understanding  of  the  spectrum 
of  this  state  is  thus  sought  to  assist  in  the 
interpretation  of  acetone  193  nm  photodissociation. 

The  absorption  spectra  of  acetone  and  acetone-d,  around 
193  nm  were  measured  at  several  different  temperatures, 
analyzed,  and  compared  with  those  obtained  for  the  3p 
Rydberg  and  ion  <-  X  transitions.  Lifetimes  were  estimated 
from  published  spectra.  The  results  were  interpreted  to 
demonstrate  a  comparable  stability  of  acetone  in  its  3s  and 
3p  Rydberg  states  but  a  significant  alteration  in  the 
methyl  end  of  the  molecule  in  the  3s  Rydberg  state  relative 
to  either  its  ground,  other  Rydberg,  or  ion  states. 
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PHOTOPliYSlCS  OF  JET-COOLED  AROMATIC  AMINES 
David  Phillips.  Evelyn  JosUn,  Haiping-Yu,  Rachel  Howell  and  Alan  G.  Taylor 
'  Deportment  of  Clicmistry,  Imperial  College,  London  SW7  2AZ,  UK. 


Many  aromatic  amines  typically  exhibit  in  solution  'anomalous*  fluorescence  from  TICT 
(Twisted  Intramolecular  Charge  Transfer)  states  produced  by  rotation  of  the  amine  moiety  in 
the  moiecule  with  respect  to  tlie  aromatic  franiework.  For  many  molecules,  the  mediation  of  a 
polar  solvent  in  producing  such  emission  is  a  requirement. 

We  have  investigated  dimethylamino  benzonitrile  (DMADN)  and  the  related  esters 
dimethylamino  methyl  benzoate  (DMAMB)  and  dimethylamino  ethyl  benzoate  (DMAEB)  in 
supersonic  nozzle  expansions  at  varying  partial  pressures  of  fluorophore  and  polar  and  non¬ 
polar  solvents.  Although  red-shifted  fluorescence  is  observed  in  all  cases,  in  no  case  can  this 
be  ascribed  to  TICT  emission,  being  due  instead  to  excitation  of  ground  state  dimers  and  self¬ 
complexes,  and  solvated  clusters  of  these, 

A  comparison  has  been  made  of  the  laser-induced  fluorescence  of  jet-cooled  N-(4- 
phenyOcarbazole  and  the  hydrogen-bonded  complex  between  carbazole  and  benzonitrile.  The 
electronic  origin  of  the  hydrogen  bonded  complex  is  shifted  baihochromically  to  a  greater 
extent  than  that  of  the  covalently  linked  molecule.  In  both  cases  the  conformation  of  the  ring 
systems  appears  to  be  perpendicular  in  both  ground  and  First  excited  electronic  states.  The 
spectroscopy  can  be  explained  in  terms  of  a  perturbed  carbazole  chromophore.  Again,  no 
evidence  for  TICT  emission  was  found  in  the  jet,  in  contrast  to  solution  phase  results. 

Some  results  on  the  dynamics  of  decay  of  fluorescence,  with  emphasis  on  intramolecular 
vibrational  redistribution,  in  3  and  4  aminobcnzoniuiles,  will  be  presented. 


DETECTION  07  THE  HOCO  RADICAL  AND 
ITS  LIFETIME  IN  CAS  PHASE 

A,  Mlyoshi,  N.  Washida  and  H.  Hatsul* 

The  National  Institute  for  Environmental  Studies,  Tsukuba 
306,  Japan  (*The  Oniveraity  of  Tokyo,  Tokyo  H3,  Japan) 


The  HOCO  radical  has  been  inferred  to  be  an  intermediate 
of  the  Important  reaction  OH  +  CO  — >  H  +  COi.  Before  the 
recent  study  of  Ruscic  et  al.,>  the  radical  had  only  been 
detected  in  a  low-temperature  matrix. >  In  the  present  study, 
the  HOCO  radical  has  been  successfully  detected  by  a 
photoionization  mass  spectrometry  method  in  the  gas  phase.  The 
HOCO  radicals  were  generated  by  the  reaction  of  Cl  KCOOH  or 
the  photolysis  of  acrylic  acid  (CjHjCOOH).  The  HOCO  radical 
produced  by  the  reaction  of  Cl  HCOOH  (with  small  excess 
energy;  13. l  kcal  mol'i)  was  found  to  be  stale  and  its  lifetime 
was  confirmed  to  be  very  long  (>10ms)  at  room  temperature.  On 
the  other  hand,  the  HOCO  radical  formed  by  lB3-nm  photolysis  of 
CsHsCOOH  (with  large  excess  energy;  55.8  keel  mol*>)  exhibits 
short  and  pressure  dependent  lifetime  [Figure  1].  This  is 
attributed  to  the  competition  of  thermal  decomposition  and 
relaxation  of  'hot*  radicals. 

Further,  this  lifetime  show 
an  apparent  isotope  effect 
(HOCO/DOCO)  [Figure  1]  and 
this  suggests  that  the  decom¬ 
position  mainly  proceeds  via 
'tunneling'  H-atom  elimi¬ 
nation.  The  rate  of  reaction 
of  HOCO  with  0:  was  also 
determined. 


References 

1  B.  Ruscic  et  al.,  J.  Chem. 

2  D.  E.  Milligan  and  M.  E.  Jacox,  J.  Chem.  ’’hys.  M,  Q27  (1971) 


riqur*  1.  LUttin*  ot  HOCO  (DOCO)  radle*! 
produead  by  tho  photolytla'  of  acrylic  acid. 

Phys.  91,  8780  (1989) 
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DIRECT  INVESTIGATIONS  OF  ABSOLUTE  REACTIVE  CROSS  SECTIONS  AND  PRODUCT 
STATE  DISTRIBUTIONS  OF  OH  RADICALS  PRODUCED  BY  VERY  FAST 
H  ATOM -MOLECULE  REACTIONS 

A.  Jacobs.  F.M.Schuler,  H.R.  Voipp,  M.  Wahl  *  and  J.  Wollrum 

Physikallsch-Chemisches  Instilut  der  Universitat  Heidelberg 
Im  Neuenhelmer  Feld  253, 6900  Heidelberg 
F.  R.  Germany 


Using  193  nm  photolysis  ol  HBr,  and  HCI  respeclively,  we  have  studied  the  hot  H  atom  reactions 


(a) 

H  +  02  — > 

OH  +  O 

Op(1.85eV).0.37±0.20A^ 
Op  (2.14  eV).  0.15  ±  0.08 

Op  (2.57  eV).  0.10  ±0.05  A* 

(b) 

H  +  NO  — > 

OH  +  N 

Op  (2.57  eV)  -  0.01  ±  0.005  A® 

(c) 

H  +  CO2  — > 

OH +  00 

Op  (1.86  sV)  -  0.39  ±  0.20  A^ 
Op  (2.57  oV)-4.0±1.0A2 

(b) 

H  +  H2O  — > 

OH  +  H2 

Op  (2.52  eV).  0.30  ±  0.10  A^ 

at  dillereni  center  ol  mass  collision  energies  under  single  collision  conditions.  Laser  induced 
fluorescence  (LIF)  was  used  to  probe  the  nascent  vibrational,  rotational  line  slmciure  distributions  ol 
the  OH  product  molecules.  Absolute  reactive  cross  section  og  lor  the  reactions  were 

obtained  by  calibrating  the  OH  signals  Irom  the  reactions  against  signals  from  well  defined  OH 
concentrations  generated  via  photolysis  ol  H2O2  at  193  nm. 

We  have  compared  our  experimentally  determined  OH  product  stale  dislrlbulions  to  statistical 
distribulionr.  and  in  the  case  ol  reactions  (a)  and  (d),  to  Internal  OH  product  slate  distributions 
obtained  Irom  trajectory  calculalions  on  <ih  initio  potential  energy  surfaces.  In  Ihe  case  ol  reactions 
(a),  (c)  and  (d),  we  compare  our  experimental  values  ol  Ihe  absolute  reactive  cross  soclions  to  theo¬ 
retical  values  obtained  from  quasi  classical  trajectory  calculalions.  New  results  ol  absolute  reactive 
cross  sections  and  line  structure  resolved  OH  product  state  distributions  tor  the  reaction  (J)  are  also 
presented. 


‘  Europaisches  PalentamI,  8000  MOnchen  2,  Erhardsir.  27 


II-  PHOTOPHYSICS 
AND 

PHOTOCHEMICAL  KINETICS 
IN  CONDENSED  PHASE 


II-l 

TUlPLirr  12XCIMERS  INVOLVING  CAUBAZOLE 
THE  ROLE  OF  ION  RECOMBINATION 
Richard  D.  Burkhart  and  Gregory  W.  Haggquist 
Department  of  Chemistry,  University  of  Nevada,  Reno,  Nevada  USA 

Botti  monomeric  and  cxcimcr  delayed  luminescence  may  be  observed  from  solutions 
of  N'Cthylcarbazolc  (NEC)  photocxcitcd  by  308  nm  pulses  from  an  cxcimer  laser.  The 
cxcimcric  emission,  recorded  in  the  tow  microsecond  time  regime,  is  favored  in  solvents 
of  high  dielectric  constant  such  as  ethanol  (EtOH)  and  N,N-dimcthyformamidc  (DMF) 
whereas  nonpolar  solvents  such  as  cyclohexane  and  paraffin  oil  favor  the  production  of 
monomeric  delayed  fluorescence.  A  transient  absorption  band  with  a  peak  absorbance  at 
300  nm  is  also  found  as  a  promi-'ont  feature  of  transient  spectra  recorded  in  the  higher 
dielectric  solvents.  This  band  has  been  assigned  to  the  triplet  cxcimcr  of  NEC.  It  has 
been  proposed  that  triplet  excimers  in  this  system  arise  by  the  geminate  recombination  of 
ion  pairs  consisting  of  carbazolyt  radical  cations  and  radical  anions.  The  decay  of  the  500 
nm  band  obeys  a  double  exponential  rate  law.  The  rale  constant  attributed  first  order 
relaxation  of  the  triplet  cxcimcr  is  4.3x10^  s'*.  The  other  component  of  the  double 
exponential  decay  corresponds  to  decay  of  the  precursor  ion  pair  and  has  the  value  S.OxlO' 
s-'  in  Eton  and  4.2x10'  s''  in  DMF. 
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ELECTRONIC  EXCITED  STATE  PROTON  TRANSFER  IN 
2-  (2 '-HYDROXXPIIENYL) 1M1DA20[X, 2-a]PXRIDINE 

A.  Douhal,  H.  Xandorl  and  K.  Yoshlhara. 

Institute  For  Molecular  Science,  Myodaljl,  Okazaki  444,  Japan. 

We  present  a  picosecond  time  resolved  transient  absorption 
spectra  o£  2-(2'-hydroxyphenyl)imidazotl,2-a)pyridine  (HPIP)  and 
its  methoxylated  derivative  (OMePIP)  in  cyclohexane  and  dioxane. 

.H-0 

HPIP 


OMePIP 


Due  to  the  long  IKetime,  (on  the  nanosecond  time  serial,  of 
.the  excited  tautomer  of  HPIP  (formed  after  proton  transfer)  " ' , 
we  are  able  to  observe  its  transient  absorption  spectra  without 
any  contribution  from  the  ground  state  tautomer  (Fig.  l  a  and  b) . 
OMePIP  shows  a  stimulated  emission  with  a  maximum  around  400  nm 
and  different  kinetics. 


(b> 


Wive|»netfi  /  nm 


Fig.l:  Transient  absorption  spectra  of  HPIP  in  cyclohexane  (a) 
and  dioxane  (b)  at  different  delay  time. 

Direct  data  from  these  spectra  show  that  the  rate  constant 
for  proton  transfer  in  Sj  is  greater  than  (0.5  ps)"^.  For  the  first 
time,  we  observed  a  cooling  (picosecond  regime)  of  tlie  hot 
vibrational  excited  tautomer  (Fig.  l-a) .  As  we  did  not  detect  any 
absorption  due  to  the  ground  state  tautomer  (Fig.  1-b) ,  we 
suggest  that  the  reverse  proton  transfer  occurs  within  the  hot 
molecule  which  easily  passes  over  the  low  barrier  on  the 
potential  energy  surface  of  .the  ground  state  . 

(1)  A.  Douhal,  A.D.  Acuna,  F.  Amat,  Conference  on 

Photochemistry  and  Photomaterials,  Sept.  1990,  Kyoto. 

(2)  M.Wiechman,  11.  Port,  F.  Learmer,  W.  Frey,  T.  Elsaesser, 

Chem.  Phys.  Letters,  165  (1990)  28  . 
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VISIBLE-LIGHT  INDUCED  ELECTRON  TRANSFER  ON  QUANTIZED  CdS 

Sliozo  Yanagida,  Shinako  Fukami,  Hirofumi  Ankyu,  and  Tsutomu  Shiraganii 
Chemical  Process  Engineering,  Faculty  of  Engineering, 

Osaka  University,  Suita,  Osaka  565,  Japan 

We  pcrviously  reported  that  quantized  ZitS  and  CdS  provide  efneient  photo-induced 
electron  transfer  systems,  catalyzing  two-electron  transfer  reductions  of  ketones  to 
alcohols.  Here  we  report  that  visible-light  induced  electron  transfer  on  quantized  CdS  is 
controllable  by  photochemical  and  sophisticated  modification  of  the  CdS. 

Quantized  CdS  (CdS-0)  catalyzes  two-electron  transfer  pholorcductions  of  aromatic 
ketones  and  electron-deficient  olefins  in  methanol  under  visible  light  irradiation  using 
tricthylamine  (TEA)  as  an  electron  donor,  giving  alcohols  and  dihydro  compounds  as 
cxcmptificd  by  following  two  reactions.^ 

9H  Ph  Ifh 

Ph-C-Ph  aml/or  Ph-9-9-Ph 
H  HO  OH 

2  2 

HOOC  COOH  HOO9  900*^  **009  900*^  *(009  900*^ 

;C=C'  - ►  H-9-C-H  and/or  H-9-9 - 9-9-H 

^  ^  CdS-(VTEA  H  A  H  H  H  fl 

4  5  b 

CdS-0  suspensions  prepared  at  0  "C  from  equal  amounts  of  mulhanolic  solution  of 
Cd(CI04)2  and  Na2S  consist  of  2-5  nm  microcrystallitcs  and  their  loose  aggregates.  Visible 
light  irradiation  of  CdS-0  with  TEA  leads  to  the  formation  of  the  colored  CdS-0  suspension 
(CdS-U-Cd)  possibly  <luc  to  the  reduction  of  lattice  Cd^'*'  near  to  sulfur  vacancies.  Cd,S-U-Cd 
has  now  been  found  to  Ik  much  more  selective  for  the  formation  of  the  alcohol  (2)  and  the 
dihydro  compound  (5),  wliosc  formation  is  rationalized  by  sequential  two-cicetron  transfer 
reduction.  However,  the  presence  of  excess  in  the  reaction  system  suppress  the  formation 
of  CdS-O-Cd  and  resulted  in  the  exclusive  formation  of  one-electron  transfer  reduction 
products,  3  and  6,  respeedvely. 

(1)  S.  Yanagida,  M.  Yoshiya,  T.  SItiragami,  C.  Pac,  H.  Mori,  and  H.  Fujita,  J.  Pliys. 
Chem.  ,24,3104  (1990). 

(2)  T.  Shiragami,  C.  Pac,  and  S.  Yanagida,  J.  Phys.  Chem. ,  24,  504  (1990). 
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PICOSECOND  FLUORESCENCE  STUDIES  OP  INTRAMOLECULAR  CHARGE 
TRANSFER.  A  NEW  VIEW  AT  TICT 

Uwe  Leinhoa,  Wolfgang  KQhnle  and  Klaas  A,  Zacharlasse 
Max-Planck-Instltut  fQr  b .ophyslkallsche  Chemle 
Abt.  Spektroskople.  D-3400  OOttlngen,  FRQ 


Intramolecular  charge  transfer  has  been  studied,  with  a  time 
resolution,  down  to  20  psec,  for  several  p-aminobenzonitrilea  and 
related  compounds  in  solvents  of  different  polarity  and 
viscosity.:  By  an  analysis  of  double-*  and  triple-exponential 
monomer  and  exciplex  fluorescence  decays  (SPC) ,  the  rote 
constants  of  forward  and  backward  charge  transfer  were 
determined  as  a  function  of  temperature  and  solvent  properties. 
This  gives,  for  the  first  time,  values  for  the  activation 
energies  of  these  processes  and,  hence,  for  AN  and  AS,  Special 
attention  was  paid  to  the  role  of  the  longitudinal  dielectric 
relaxation  time  in  the  charge  transfer  process. 

It  could  be  shown  that  for  the  aminobenzonitriles: 

-  A  rotation  of  the  amino  group  with  respect  to  the  benzo- 
nitrlle  moiety  is  not  a  prerequisite  for  charge 
transfer. 

-  Longitudinal  dielectric  relaxation  times  cannot  be  related 
to  the  rate  of  charge  transfer. 

-  Charge  transfer  and  dual  emission  also  occur  in  solvents 
such  as  toluene  (no  n-electrons) ,  showing  that  1:1  complex 
formation  with  the  solvent  is  not  o  general  mechanism  for 
TICT. 

(1)  U.  Lelnhos,  w.  KQhnle,  and  K.A.  Zacharlasse, 

J.  Phys.  Chem,  95  (1991)  2013. 
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Photoinduccd  Electron  'IVansfcr  Chemistry  of 
Azoalkanes:  Generation  of  1,3-Cyclupcnladiyl 
Radical  Cations  and  their  'IVansformatioiis 


JUrpen  Scndclbach.  Waldemar  Adorn,  Institute  of  Organic  Cliemistry,  University  of  WUrzburg, 
8700  WUrzburg,  P.R.G. 


Azoolkancs  give  on  photosensitized  electron  transfer  products  ond/or  product  distributions 
tliat  are  different  from  tliose  obtained  in  direct  photolyses  or  thennolyscs.  In  this  context 
azoalkane  1  was  examined,  which  yielded  on  direct  pliotolysis  (X  >  333  •  364  nm)  and  on 
thermolysis  (T  S  300  *C)  only  housane  2,  Htcnnoiysis  of  1  or  2  at  T  2  500  *C  led  to 
cyclopenienes  3  and  4,  of  which  the  fonner  was  the  thermodynamicaiiy  favored  product 
(Sclieme  1).  Also  in  the  pitolosensitizcd  electron  transfer  pr.'v-.rss  witli  9,10-dicynnoanthraccnc 


OH 


12  3  4 

80  ;  20 


Scitemc  1:  Direct  pliotolysis  and  diemiolysis  of  azoalkane  1 

(DCA)  or  2,4,6-triphenylpyrytium  tetrafiuoroborate  (TPT)  ns  sensitizers,  the  cyclopcntencs  3 
and  4  were  formed,  however,  now  the  latter  was  the  major  olefinic  product  (Sclieme  2). 


SUNS  •  DCA  or  TPT 


A  ^  P*'  « 


DCA.ai,CN!  At  :  16  !  « 

TPr,  C11,CN:  16  ;  M  :  70 

OCA,ai,a,:  65  :  7  :  3S 

TPr,  Cll,a,;  35  :  6  :  59 


Sclieme  2:  Photosensitized  electron  transfer  reaction  of  azoalkane  1 

TItese  contrasting  results  arc  rationalized  in  terms  of  diradicat  intennedintes  in  the  former 
(Scheme  1)  and  radical  cations  in  die  latter  (Sclieme  2).  An  unsymmetric  cimrge/spin 
distribution  in  the  radical  cation  intermediate  favors  rearrangement  to  tlie  tliemiodynnmic  less 
stable  cyclopentene  4.  Photomechanistic  implications,  influence  of  solvent  polarity  and 
sensitizer  and  studies  towards  trapping  of  the  radical  cation  intennediates  will  be  discussed. 
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SITE-SELECTIVJTY  AND  SOLVENT  DYNAMICS  CONTROL  IN 
ELECTRON-TRANSFER  REACTION  OF  BIANTIIYL  IN  POLAR 
SOLVENTS  AND  IN  COMPLEXES  WITH  PROTEIN  MOLECULES 

Alexander  P.  Demchenko  and  Alexander  I.  Sytnik 
Institute  of  Biochemistry,  9  Leontovlch  Street,  2S2030  Kiev  (Ukraine) 


Statistical  distributions  of  solute-solvent  Interaction  energies  and 
the  rates  of  Intermolecular  relaxations  may  determine  the  pathways  and 
rates  of  different  charge-transfer  reactions  and  therefore  are  especially 
important  In  polar  solvents  and  In  biological  niacromolccules.  If  the  re¬ 
laxations  are  slow,  the  high  interaction  energy  part  of  the  distribution 
can  be  photoselected  by  excitation  at  the  red  (long-wavelcnglh)  edge  of  ab¬ 
sorption  bands.  We  observe  that  Intramolecular  electron  transfer  In  b1- 
anthyl  molecule  from  the  locally-excited  (LE)  to  charge-transfer  (CT) 
state,  which  requires  solvent  relaxations  and  Is  usually  not  observed  In 
solid  media.  Is  dramatically  facilitated  In  a  number  of  low-temperature 
glassy  solvents  by  the  red-edge  excitation.  This  allows  to  obtain  the  pure 
CT  form  spectroscopically  and  observe  the  dependence  of  its  spectra  upon 
the  retaxatlonal  properties  of  the  solvent  which  were  modulated  by  changing 
the  temperature.  The  strong  correlation  between  the  reaction  rate  and  the 
rate  of  solvent  relaxations  was  found  In  these  experiments.  A  qualitative 
model  of  these  effects  describes  the  solvent  dynamics  control  of  ET  rate  by 
formation  of  optimal  solvent-environment  configurations  rather  than  by  di¬ 
rect  Involvement  of  these  dynamics  In  electron  transfer  act.  These  configu¬ 
rations  arc  rare  In  solid  environments,  and  they  can  be  photoselected  only 
at  the  red-edge.  In  liquid  solvents  there  exist  the  two  steps  of  relaxa¬ 
tion:  one  results  in  the  dynamic  formation  of  CT  state,  and  the  other  Is 
the  relaxation  of  solvent  dipoles  to  equilibrium  with  the  high  dipole  mo¬ 
ment  of  this  state.  The  experiments  with  scrum  albumln-blanthyl  complexes 
demonstrate  that  protein  molecules  may  behave  as  microscopic  solid  bodies 
inhibiting  the  ET  rate  and  displaying  the  red-odge  effects. 
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PHOTOCHEMICAL  REDUCTION  OF  C02  CATALYZED  BY  OUGO(/^PHENYLENE)S 
Sliinjiro  Malsiioka.  Giyongjin  Pac,  and  Sliozu  Yanagida 
Chemical  Process  Engineering,  Faculty  of  Engineering, 

Osaka  University,  Suita,  Osaka  S6S,  Japan 

Carbon  dioxide  fixation  using  liglit  energy  has  attracted  much  interest  in  view  of  the 
global  greenhouse  effect.  Photochemical  reduction  of  CO2  were  extensively  studied  and  novel 
photocatalysts  or  photosensitizer  have  been  requisite  for  the  purpose.  Here,  we  report  that  p- 
terphenyl  induces  effective  photoreduction  of  CO2  to  formic  acid  (HCOOH)  and  carbon 
monoxide  (CO)  in  aprotic  polar  solvent.0 

As  shown  in  Table  1,  the  photoreductive  formation  of  HCOOH  and  CO  in  anhydrous 
organic  solvent  systems  was  observed,  where  the  photocatalysis  of  p-terphcnyl  in  N,N- 
dimcthylformamide  (DMF)  led  to  the  most  effective  formation  of  HCOOH  and  CO  (the 
quantum  yield  (4*l/2HCOOH)  was  0.072  at  313  nm.).  A  trace  amount  of  H2  was  detectable. 
The  turnover  number  of  />-terphenyI  for  the  formation  of  HCOOH  in  DMF  is  about  4,  implying 
a  cyclic  activity  of  the  system.  On  the  other  hand,  o-terphenyl  and  /»-terphenyl  which  are  both 
very  soluble  in  aprotic  polar  solvent  showed  much  poorer  activity  than  p-terphenyl,  suggesting 
Utat  /7-phenylene  unit  is  an  important  factor  for  the  effective  charge  separation  and  electron 
transfer.  It  was  previously  reported  that  photocarboxylation  of  aromatic  hydrocarbons  such  as 
phenanthrene,  anthracene,  and  pyrene  occurs  in  photolyses  in  the  presence  of  various  amines 
and  CO2  of  their  dimethyl  sulfoxide  and  DMF  solution.^)  In  the  present  photolysis,  however, 
no  photocarboxylation  was  observed.  In  conclusion,  the  result  in  Table  I  indicates  the  first 
example  of  direct  photoreduction  of  CO2  catalyzed  by  organic  sensitizer  without  an  electron 
mediator.  Further  studies  on  the  pliotoinduced  charge  separation  and  electron  transfer  in  this 
system  arc  in  progress. 


Table  I.  Photocliemical  Reduction  of  CO2  by  Terplienyls  in  Anhydrous  Organic  SoIvciUtt) 


Catalyst 

Solvent 

Fhotoproducts  /  pmol 
HCOOH  CO  H2 

Solubility  in  solvcntb) 
Gilalysl/mg/cm3  CO2/M 

/^'^erphcnyl 

DMF 

42 

5.6 

1.1 

6.6 

0.23 

ri-'I'erphenyl 

DMF 

1.9 

0.1 

0.4 

670 

0.23 

«i-Terphcnyl 

DMF 

3.6 

0.3 

0.7 

207 

0.23 

None 

DMF 

0 

0.2 

0.1 

0.23 

p-Terphenyl 

CH3CN 

11 

0.2 

0.4 

0.83 

0.14 

p-Tcrphenyl 

CH3OH 

0 

0 

0.2 

0.28 

0.19 

/>-Tcrphcnyl 

'IHF 

4.8 

1.2 

0.2 

37.5 

0.33 

a)  After  irradiation  at  >  290  nm  for  IS  h.  b)  Solubilities  of  tcrphenyls  and  CO2 
in  each  solvent  at  25  ”C. 

Mstense 

1)  S.  Mat.suoka,  S.  Kohzuki,  C.  I’ac,  and  S.  Yanagida,  Chem.  Lett.,  1501  (1990). 

2)  S.  Tazuke,  .S.  Ka/ama,  and  N.  Kitamura,  J.  Org.  Ohcni.,  ii,  4548  (1986). 


ON  THE  MULTIPLE  FLUORESCENCE  EMISSION  OF  A  CLASS 
OF  UNSYMMETICAL  D-A-D'  MOLECULES;  UNSYMMETRICALSQUARAINES 

Kock-Yee  Law 

Xerox  Webster  Research  Center 
800  Phillips  Rond,  0114-390,  Webster,  NY  14580,  U.S.A. 

Bis(4-dimethylamiiiophenyi)squaraine  and  derivatives,  a  class  of  D-A-D 
molecules,  are  shown  to  exhibit  multiple  emission  bands  from  the  Franck- 
Condon  states  of  the  squaraine  and  the  squaraine-solvent  complex,  and  a  TICT 
state.  In  this  paper,  the  multiple  emission  of  unsymmetrical  squaraines,  4- 
dimethylaminophenyl-4'-methoxyphenylsquaraine  (1)  and  derivatives,  is 
reported  (Figure  1).  Evidence  is  provided  that  the  multiple  emission  bands  are 
due  to  vibronic  bands  of  the  excited  states  of  1  and  its  solvent  complex.  The 
absence  of  any  emission  from  the  TICT  state  will  be  discussed. 


(n 

z 

UJ 

g 


540  560  580  600  620  640  660  680  700  720 

WAVELENGTH  (nm) 

Figure  1  Excitation  and  corrected  fluorescence  spectra  of  1 


LES  N-PliENYUVZn-lS-cnoWN-Si  CItItOMO  ET  PLUOUOIOHOPIIOHES  POUR  L'BXUUC  DE.  1>A 
COHPLBXAZION  DC  OZVBRS  CATIONS  PAR  US  AEACOURONNES . 


J.r.  LETAKO,  K.  CZESCIIKA,  n.  SCliUMACIIEU  oU  U.  LAPOUVADE. 

Photophysiqum  ce  Photochimio  HoUcultira,  ORhJIi,  Univormltd  dt  OOPDEMX  I, 
}Sl  coura  da  ia  LiMention,  3340S  raia/ica  (FRANCE), 


La  granda  aanaibiXitd  daa  apactroacoploo  d'aboocpkion  dZeckroniquo 
at  da  fluocaacanea  a  conduit  A  la  conception  at  A  ia  aynthAao  da  Chromo  at 
Fiuocoinophoraa  pour  I'Atudo  do  ia  compiaxation  daa  iona  par  iaa 
maorocyciaa^^^ .  Quand  i'un  daa  hStAroatomoa  da  i'ionophora  aot  partio 
intSgranta  du  chroihophoro,  ia  compiaxation  daa  cationo  modiCio  ioa  dkako 
Alactroniquoa  an  (onction  da  ia  vaieur  at  da  ia  direction  doa  momonto 
dipoiairaa  A  i'itat  (ondamantai  pg  at  A  i’Atat  axcitA 

Noua  dderivona  ioa  propridtda  photophyaiqueo  da  troia  aonden 
(Z-IIZ)  ciaaadaa  aeion  ia  danaitd  diackroniqua  ddcroiaoanta  A  i'dtat 
fondanientai  at  ia  charge  poaitiva  croiaaante  Ci  i'dtat  excitd,  aur  i'atoma 
d'aaote,  prda  du  cation  compioxd. 


Dana  ioa  soiventa  poiairee  on  pouvait  e'attandre  A  ce  quo 
i'azacouronno  anaiogua  du  DMABN  (IZ)  forme  A  I'dtat  axcitA  un  tranafart  de 
charge  intramoidcuiaira  orthogonai  (TXCX)  dana  iaquai  i'aaoto  pocteraik  uno 
charge  poaitlva^^^.  Rdcemmant  nous  avona  roontrd  qua  ioa  ddrivda  du 
atiibdna,  tola  quo  ZI,  conduiaent  dgaiamant  A  un  dtat  ZZCX  maia  avac  io 
groupa  diaikyianiiina  comma  donnour  aur  iaquai  ia  charge  poaitiva  eat 
ddiocailado^^ . 

Lea  conatantas  da  compiaxations  (iog  K)  da  divers  cationa  par  ioa 
troia  sondes  ont  dtd  ddtermindao  apactroscopiquement  dans  diffdranta 
aoivanta  (CH2Ci2(  CH3OH,  CH3CN)  at  iaa  caraetdristiquas  da  ia  fiuorascence 
aont  attribudas  A  i ' interaction  moduido  antre  ia  charge  du  cation  at  ia 
dipdle  du  chr'tmophoro. 


1-  H.G.  LOlin,  F.  VOOTLE,  Acc.CAem.Roa. ,  i985,  Ifl,  65-72. 

2-  S.  FERF-FORGUES,  J.  80URS0N,  L.  OALLERF,  B.  VALEUR,  Nae.  J.Chem.  1990, 
14.  617-623  at  rdfdrencaa  citdaa. 

3-  S.A.  JONKER,  S.Z.  VAN  DZJK,  K.  COUOZTZ,  C.A.  REZSS,  W.  SCllUDDEDOOH, 

J.VBRilOBVEN,  Hoi.CryMt.Lig.Cryst.,  1990,  273-202. 

4-  Z.R.  GRABOHSKZ,  K. ROTKZEHZCZ,  A.  SIEMZARCZUK,  D.  J.  COHLEF,  W.  BAUMANN, 
Nouv.J.Chim.,  1979,  i,  443. 

5-  R.  LAPOUFAOB,  K.  CZESCIIKA,  W.;  HAJENZ,  W.RETTZG,  E.  CILAOERT,  C.RULLZERE, 
an  prdparation. 
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M-PHEMYLXZA-lS-CROyH-S  A8  FLUORESCENT  PROBES 
OF  THE  DETAILED  FEATURES  OF  IONS  COMPLEXATION 


J.F.  LETARD,  K.  CZESCHKA,  R.  SCHUMACHER  and  R.  LAPOUYADE. 

PhotophyMiqu*  at  Photeehimim  MolSeultirt,  0M34i,  Univ^'MitS  d»  BOPDBMX  I, 
351  court  <ft  1»  Libirttion,  33405  Ttitnct  (FRAXCB) . 


Th«  rtcoqnlzad  high  aantlblXlty  of  tha  abaorptlon  and  fluocaaeonca 
■pactroBcopiaa  lad  racantly  to  tha  daalgn  of  Chromo-  and  Fluorolonophoraa 
for  tha  atudy  of  Iona  binding  by  multldantata  macroeyelle  eompoundaf^^. 
Hhan  ona  of  tha  hataroatoma  of  tha  lonophora  la  part  of  tha  maaomarlc 
ayatam  of  tha  ehrontophora,  catlona  eomplaxatlon  InfXuancaa  tha  aXaetronlc 
atataa  dopendlng  on  tha  alaa  and  dlractlon  of  tha  dlpoXa  momanta  pq  and 
. 

He  raport  tha  photophyaleaX  propartlaa  of  tha  three  probaa  (X-XIX) 
cXaaalflad  according  to  Increaaad  charge  XocaXlaatlon  on  tha  nitrogen  atom, 
near  tha  compXexad  cation.  In  the  excited  atata. 


In  polar  aoXvanta  the  axacrown  other  analogue  of  DMABN  (XXX)  waa 
expected  to  lead  to  an  excited  atata  with  mutually  perpendicular  x-ayatama 
and  complete  charge  aaparatlon  between  the  axacrown  donor,  which 
conaaquantly  bear  a  poaltlve  charge  on  tha  nitrogen,  and  the  banaonltrlle 
acceptor  group^^^.  Recently  wo  ehowed  that  In  tha  atllbena  aerie,  almllar 
"Twiatad  XnCraffloiacuiar  Charge  Tranutte"  (TXCT)  atataa  are  formed  whan  the 
donor-acceptor  atrangth  of  the  aubatltuanta  reachaa  a  threahold  aa  In  XX, 
but  the  dlallcylanlllno  group  la  now  tha  donor  group  where  tha  poaltlve 
charge  la  delocalized. 

The  catlona  binding  propartlaa  (log  X)  of  I-IXI  ware  determined 
from  apoctrophotometrlc  titration  In  aolventa  of  varloua  polarity  (CH2Cl2> 
CII3OII,  CII3CN)  and  the  atrDclng  fluoreacent  charactarlatlca  ware  aaalgnad  to 
the  modulated,  cation  charge-chromophore  dipole.  Interaction. 


1-  H.O.  LdHR,  r.  vSgtle,  ACC. Cham. Raa.,  1985,  65-72. 

2-  S.  FERY-FORGUES,  J.  BOURSON,  L.  DALLERY,  B.  VALEUR,  New.  J.Cham.  1990, 
14.  617-623  and  ref  therein. 

3-  S.A.  JONKER,  S.I.  VAN  DIJK,  K.  GOUBITZ,  C.A.  REISS,  H.SCIIUDDEBOOM, 
J.VERHOEVEN,  Hol  .Cryst.Lig.Cryat. ,  1990,  lU,  273-282. 

4-  Z.R.  GRADOWSKI,  K. ROTKIEWICZ,  A.  SIEHIARCZUK,  D.  3.  COWLEY,  W.  BAUMANN, 
Rouv.J .Chim. ,  1979,  2,  443. 

5-  R.  LAPOUYADE,  K.  CZESCHKA,  H.,  HAJENZ,  W.RETTIO,  E.  GILABERT,  C.RULLIERE, 
In  preparation. 
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THE  ClIARGE-TRANSFEU  STATE  AND  SINGLET 
OXYGEN  PRODUCTION  IN  PHOTOEXCITED  ORGANIC 
MOLECULE-MOLECULAR  OXYGEN  COMPLEXES 

Marianne  _Kri3tiiansBn  and  Peccr  R.  Ogilby 
Department  of  Chemistry.  University  of  New  Mexico, 

Albuquerque,  NM  87131  USA 

We  examined  charge-transfer  (CT)  state  participation  in 
an  excited  state  organic  molecule (M) -molecular  oxygen  complex 
by  using  a  variety  of  spectroscopic  probes,  we  showed 
earlier  that  singlet  oxygen  (^AgOj)  is  formed  upon 
dissociation  of  the  photoexcited  CT  complex  (M+‘02**)  when  the 
CT  state  energy  is  lower  than  that  of  the  triplet  state 
(^Mi).^>^  We  now  examine  a  molecule  whose  CT  state  energy  is 
higher  than  that  of  ^Mi.  Relative  ^Ag02  and  ^Mi  yields  were 
determined  upon  1)  photolysis  into  the  M-O2  CT  band  of 
1-methylnaphthalene  and  2)  ^Zg*02  quenching  of  triplet 
1-methylnaphthalene,  In  non-polar  solvents,  ^Ag02  and  yields 
were  independent  of  the  *(M-02)  production  method,  indicating 
that  relaxation  of  the  ^'^CT  states  to  the  (^Mi. .  .3Zg*02) 
states  is  very  efficient.  In  a  polar  solvent  where  the  CT  state 
is  more  stable,  the  data  Indicate  that  direct  coupling  between 
the  CT  and  ground  state  surface  P (^M©. . .^Zg“02)  may  increase. 

CT  mediated  iiidirect  coupling  of  the  .  .^Zg"02)  and  other 

M-O2  excited  states  to  the  ground  state  surface  should  also 
increase  in  a  polar  solvent.  ^Ag02  quantum  yields  obtained  upon 
direct  photolysis  of  six  aromatic  hydrocarbons  support  this 
interpretation.  Our  data  are  consistent  with  a  model  for  oxygen 
induced  intersystem  crossing  in  which  coupling  between  singlet 

and  triplet  states  is  facilitated  by  mixing  with  a  CT  state.  > 


1.  Scurlock.R.D. ;  Ogilby, P.R.  J.Am.Chem.Soc.  1988.  IIQ.  640-641. 

2,  Scurlock.R.D,;  Ogilby, P.R.  J.Phvs.Chem.  1989.  21,  5493-5500. 
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SWING  ELECTRON  TRANSFER  ACTIVATION  OF  OXYGEN 
TOWARDS  AROMATIC  COMPOUNDS 

Michel  Julliard  and  Michel  Chanon 

Laborntoirc  AM^ ;  Activation,  Mdcanismes,  Moddlisation  Moldculaire. 

Facultd  des  Sciences  et  Techniques  Saint  Jdrftme  -  13397  Marseille  cedex  13  -  France. 


The  reduction  potential  of  oxygen  vs.  SCE  range  from  -  0.57  V  (H2O)  to  -  0.82  V 
(CH3CN).  Theoretically,  oxygen  cannot  oxidize  by  electron  transfer  substrates  whose 
oxidation  potential  is  less  negative  than  approximately  -  0.2  V  (H2O)  or  -  0.5  V  (CH3CN). 

Most  of  the  neutral  organic  molecules  do  not  have  a  negative  enough  oxidation  potential  to  react 
spontaneously  with  oxygen.  Neverthele.ss,  photooxygenation  may  be  performed  using  the 
concept  of  "swing  electron  vansfcr  activation". 


Tlic  figure  illustrates  why  the  word  "swing"  describes  this  activation.  If  the  scale  of  redox 
potentials  is  represented  globally  as  a  curved  arrow,  only  the  zone  situated  on  the  right  side  of 
O2  corresponds  to  a  spontaneous  reaction  by  electron  transfer  between  substrates  and  ^02- 

There  are  however  two  tricks  to  enlarge  this  reactivity  :  one  is  to  swing  the  substrate  from  1  to 
this  zone  by  photoexcitation  (case  of  toluene :  E^fond  =  2.5  V  ;  E^g^p  =  -2  V) ,  the  other  one 

3uite  paradoxical  consists  in  oxidizing  the  subsuate  (i.c.  displace  its  redox  potentials  in  the 
irection  2).  The  oxidized  form  then  displays  a  good  rcticiivity  (not  by  election  transfer) 
toward  ^©2. 

As  an  example. 


when  supported 
2,4,6-trinitrobenzcne  is  u.sed  to  activate 
alkylaromaiic  hydrocarbons,  the  e.xcitcd 
chromophore  at  the  surface  of  the  silica 
accepts  an  electron  from  the  substrate  and 
generates  in  the  medium  the  substrate 
radical  cation,  species  which  is  still  more 
difficult  to  oxidize.  This  highly  acidic 
radical  cation  (pKas-lO)  is  deprotonated 
and  leads  to  a  radical  which  reacts  with 
302  at  a  diffusion  controlled  rale. 

Electron  acceptors  lx)und  to  silica  act 
as  phoiosensilizers.  'I'hey  can  be  reused 
after  an  easy  scp.iraiion  from  the  medium 
by  filtration  or  centrifugation.  They  are  a 
way  to  improve  the  use  of  prcpataiivc 
photochemistry. 


j5 
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I,K  "I'KNDUl.li  KUDOX"  OU  COMMliNT  ACTIVKU 
L'  OXYG'liNli  VIS  A  VIS  DES  COMPOSES  AUOMATIQUES 


Micficl  Jullimd  ct  Michel  Chuitoii 

Laboiaioirc  AM^  Activation,  Mdcanisincs,  Motldlisalion  Molcculairc. 

I'aculKS  ties  Sciences  ct  Techniques  Saint  JMtnc  •  13397  Marseille  cedex  13  -  rrancc. 


Lc  potcnlicl  dc  rdduciion  dc  roxygtnc  (vs  SCE)  sc  situc  cniic  •  0,57  V  (II2O)  ct  -  0,82  V 
(Cn3CN).  Thuuri(|uuiiicnt,  roxygiiic  nc  peut  oxyder  jKtr  un  trnnsrert  nionodlcciroiiique  Ics 
subsirnts  dont  lc  poicntici  d'oxydaiion  cst  sup£ricur  h  •  0,2  V  (M2O)  uu  •  0,5  V  (CH3CN}.  La 
plupart  dcs  ntoldculcs  orgnnlques  ncutres  n’ont  pus  un  potentici  d'oxydation  suffisamment 
fniblc  pour  rdagir  spontandincnt  avee  I'oxygdac.  Lcur  photooxygdnation  peut  cependant  £trc 
tnisc  cn  oeuvre  grilce  ati  "pcndulc  rddox". 


La  figure  illusiic  cuttc  image  dc  "pcndulc  rddox".  Si  rdchclle  des  poicnticis  rddox  cst 
rcprdscntdc  giobalcment  coinmc  unc  fldche  courbe,  settle  la  zone  situde  &  droile  de  O2 

correspond  &  unc  rduciion  spontandc  par  transfcri  monodlcctroniquc  entre  Ics  substrats  et  ^02* 

11  cxiste  cependant  deux  nioycns  pour  diargir  cc  domaine  de  rdaciivitd :  I'un  cst  de  ddplaccr  par 
photoexcitation  lc  substrat  depuis  lc  point  1  jusque  dans  la  zdne  de  droite  (cas  du  toludne  E” 
fond  »  2,5  V  ;  E*  cxc  «  -2  V)  raiitrc,  qucique  pen  paradoxal,  consistc  ^  oxyder  lc  substrat 
(e’est  it  dire  ddplaccr  son  itoicniiel  d'oxydation  dans  la  direction  2).  La  fonne  oxyddc  prdsentc 
ttlors  uttc  boitnc  rdaciivitd  (pas  p.ar  transfett  monodlcctroniquc}  vis  5  vis  dc  ^02- 
Quand  le  irinitrobcnzdnc'2,4,6  cst 
utilisd  pour  aciivcr  des  hydrocnrburcs 
alkyl  aromaiiqucs  vis  it  vis  dc  ^02,  lc 
chromophorc  excitd,  lid  it  la  silicc,  acccpic 
un  dlcciron  du  substrat  ct  erde  dans  le 
milieu  un  radical  cation,  espdee  qui  cst 
encore  plus  difflciic  il  oxyder.  Ndnnmoins 
ce  radical  cation,  trds  acide  (pKn-  'lO), 
est  ddprotond  ei  conduit  it  un  radical 
benzylique  qui  rdagit  avee  ’O2  ^  unc 
Vitesse  contrdide  par  la  diffusion.  Les 
accepteurs  d'dicctron  lids  it  la  silicc 
peuvent  dtre  rdutilisds  aprds  une 
sdparadon  du  milieu  aisdment  rdalisde  par 
nitration  ou  ccnirifug.ation.  Ils  constituent 
unc  voie  susceptible  d'  dtendre  lc  domaine 
(le  la  photochiinie  prdporative. 
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THE  SOLVENT  POLARITY  DEPENDENCE  OF  TICT  FORMATION  RATES 
David  Braun  and  Wolfgang  Rettig 

Iwan-N.-Stranakl  Institute,  Techn.  Unlv.  Berlin,  StraDe  des 
17.  Juni  112,  W-1000  Berlin  12,  FRO 

The  dual  fluorescence  of  dimethylamlnobenzonitrile 
(DMABN)  and  its  derivatives  has  been  the  subject  of  numerous 
kinetic  studies  because  the  adiabatic  photoreaction 
populating  the  A*  (or  "Twisted  Intramolecular  Charge  Transfe.r" 
(TICT)  state)  can  be  viewed  as  a  prototype  example  of  an 
electron  transfer  (ET)  reaction  which  is  strongly  coupled  to 
both  intramolecular  motion  (twisting  process,  controlled  by 
solvent  viscosity)  and  the  dynamics  of  dipolar  solvent 
reorganization.  In  particular,  the  question  arose,  which  of 
these  factors  is  the  most  important  one  and  whether  there  are 
still  other  factors  important  for  the  description  of  TICT 
formation  dynamics  /!/. 

It  will  be  shown  that  Important  factors  are  the 
dependence  of  the  observed  kinetics  on  initial  conditions  and 
the  presence  of  a  conical  intersection  for  DMABN  (Fig.  1)  . 
Additionally,  the  different  time-scales  for  the  twisting 
motion  and  the  solvent  relaxation  have  to  be  taken  into 
account.  It  is  shown  that  solvent-controlled  electron  transfer 
mainly  occurs  under  conditions  where  solvent  relaxation  is 
slow  as  compared  to  the  twisting  motion. 

Fig.  1:  Schematic 

representation  of  the  conical 
intersection  coupling  Sj  and 
S,  in  DMABN.  For  conformations 
of  reduced  symmetry  (coordinate 
q„) ,  the  crossing  between 
and  S2  is  avoided  creating  a 
cone  on  S^.  This  has  strong 
kinetic  consequences  for  the 
reaction  kinetics  towards  the 
TICT  state. 

/  «•'(>(£  »• 

/!/  W.  Rettig,  Ber.  Bunsenges.  Phys.  Chem.  95  (1991)  259 
The  support  by  BHFT  within  project  05414  FADl  is  gratefully  acknowledged. 
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PARAMETERIZATION  OF  ELECTRON-TRANSFER  QUENCHING 
IN  THE  FINITE  SINK  APPROXIMATION 

firinn  Slevens,  David  N.  McKeithan  and  Carl  J.  Diver  III 
Department  of  Chemistry 
University  of  South  Florida,  Tampa,  FL  33620 

Tire  finite  sink  modification  of  the  Soluchowski-Collins-Kimball  expression:- 
l/ko(C)  -  1/k-  +  (1 .  p/r.)/ko 

provides  a  quantitative  description  of  the  dependence  of  the  time-independent 
quenciiing  rate  constant  kQ(C)  on  quencher  concentration  C  in  liquids  if  the  sink 
radius  r^  is  assigned  os  the  most  probable  nearest  neighbour  separation  (2nN'C)''*,  and 
permits  recovery  of  the  relative  diffusion  coefficient  D  together  with  the  limiting  rate 
constant  kg*  (C«0)  ■  k^k*  /(ko  +  k* ). 

For  electron-transfer  quenching  the  parameter  of  interest  is  k* ,  the  intrinsic 
rate  constant  for  electron  transfer  in  the  encountered  donor/acceptor  pair  at 
separation  p;  this  is  available  as  Icq*  in  the  reaction  limit  4xN'Dp  >  ko  >  >  k’  - 
ko*  but  otherwise  requires  an  independent  estimate  of  p  from  the  diffusion-limited 
condition  k*  >  >  ko  ■  kq*  when 

V  /kQ(C)  -  1  •  k*  (2KNC)’*p/(k*  +  ko)  -  1  -  (2nNC)’*p 

For  a  particular  donor/acceptor  system  this  limit  is  established  by  an  increase 
in  solvent  viscosity  q  until  the  experimental  quantity  (1  -  k,/  /ko(C)/C'*  is 
independent  of  D(ii,  T)  as  found  for  9,10-dicyanoanthrene  (DCNA)  quenching  by 
various  electron  donors  in  etliylene  glycol  over  the  temperature  range  0’  -  50*C. 

Recovered  estimates  of  p(±  10%)  for  DCNA  quenching  by  ben^lamine  (4.1  A, 
1.2  V),  aniline  (7.4  A,  1.02V),  dimethylaniline(8J  A,  0.81V)  and  DABCO(7.8  A,  0.57  V) 
increase  with  reduction  in  quencher  oxidation  potential  while  the  value  for  k*  in 
methanol  at  2S‘C  is  a  maximum  for  aniline  indicative  of  a  Marcus  inverted  region. 

Acknowledgement.  Supported  by  the  Division  of  Clicmical  Sciences,  U.S.D.O.E.,  under 
Award  No.  DE-FG05-88ER-13975. 
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LIGHT-INDUCED  ELECTRON  TRANSFER  AND  CONFORMATIONAL  DYNAMICS 
IN  TRICHROMOPHORIC  ELECl’RON  DONOR-ACCEPTOR  MOLECULES. 

A.M.  Brouwer,  R.D.  Mout,  P.H.  Maassen  van  den  Brink,  H.J.  van  Ruincsdonk, 

J.W.  Verhoeven,  J.M.  Wurman^  and  S.A.  Jonker^ 

Laboratory  of  Organic  Chemistry,  Nieuwc  Achtcrgracht  129, 1018  WS  AMSTERDAM,  and 
^IRl,  Technical  University  DELFl',  Tlic  Netherlands 

We  have  studied  some  of  the  photophysical  properties  of  compounds  1  and  2,  whicit  can 
be  viewed  as  trichromophoric  Donor2-Donori-Acceptor  systems . 

Fluorescence  and  time-resolved  microwave 
conductivity  (TRMC)' measurements  indicate 
that  in  2  a  D2-Di‘‘'-A'  state  (p-24  Debije)  is 
fonned  upon  excitation  in  solvents  of  medium 
solvating  power.  In  contrast,  compound  1 
gives  rise  to  a  much  more  polar  transient 
species  (p»34  Debije),  best  described  as  D2'*‘'Dj-A*. 

Tlie  positive  charge  in  the  asymmetric  piperazine  Donor2-Donor  j  fragments  appears  to 
be  mainly  localized  on  one  of  the  nitrogen  atoms.  A  similar  conclusion  is  drawn  from  a  stuoy 
of  the  optical  absorption  spectra  of  the  radical  cations  of  Donor2-Donorj  model  systems.  For 
a  symmetric  piperazine  radical  cation, the  optical  absorption  spectrum  was  recently  token 
as  evidence  for  a  delocalized  structure,  so  it  would  seem  that  a  small  difference  between  the 
propenies  of  the  nitrogen  sites  is  sufficient  to  switch  from  a  delocalized  to  a  localized 
structure. 

In  alkane  solvents  compound  1  displays  a  remarkable  behaviour  :  three  distinct 
fluorescence  bands  are  seen,  which  can  be  assigned  to  a  local  emission  of  the  initially  excited 
acceptor  chromophore,  a  charge-transfer  emission  from  an  extended  conformation  and 
another  long-wavelength  CT-emission  from  an  exciplex-like  confomtation.  The 
electrostatically  driven  conversion  from  one  conformation  to  the  other,  a  phenomenon 
recently  demonstrated  with  simpler  molecular  systems  in  our  laboratories,^^)  could  be 
monitored  on  a  nanosecond  timescale  with  fluorescence  spectroscopy  and  TRMC. 

(t)  A.M.  Brouwer,  R.D.  Mout,  P.H.  Maasron  van  den  Brink,  H  J.  van  Rumesdonk,  J.W.  Verhoeven,  J.M. 

Warman,  S.A.  Jonker,  Chetn.  Phys.  Lett,  in  press. 

(2)  J.  Cebieki,  A.  Maieinek,  C.  Strodowski,  J.  Phys.  Org.  Chem.,  3  (1990)  (306. 

(3)  B.  Wegewijs,  R.M.  Hermanl,  J.W.  Vertiocven,  A.C.M  Kunst,  R.P.H.  Reilschnick,  Cliem.  Phys.  Leu.  140 

(1987)  587;  J.W  Verhoeven,  Pure  Appl.  Oicm.  62  (1990)  1585;  T.  Scherer,  R.J.  Willcmsc,  J.W.  Verhoeven, 

Reel.  Trav.  Chim.  Pays-Bos  1 10  (1991)  95. 


•MUMxaus. 
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PHOTOINDUCED  ACRIDINE  FORMATION 

Michael  P.Budyka  and  Michael  V. Alfimov 

Photochemistry  department,  Institute  of  Chemical  Physics,  USSR 
Academy  of  Sciences,  142432,  Chemogolovlca,  Moscow  region,  USSR 

The  Irradiation  of  solutions  of  diarylamlnes  (Ams)  in 
chloroform  or  bromoform  resulted  in  production  of  acridines 
with  quantum  yields  about  0.1  and  preparative  yields  up  to  50%. 
The  reaction  was  assumed  to  proceed  ulo  photolnduced  electron 
transfer  from  amine  to  acceptor  followed  by  recombination  of 
amine  cation-radical  and  CH)^  radical  and  intramolecular 
cycllzatlon  of  intermediate  (IM)  formed. 

Am  +  CHX3  S  [Am+-,CHX2,X']  [im] 

N 

Am:  R-^^N-^^R;  R:  H,  Alkyl;  X:  Cl,  Br 


The  photochemical  reaction  of  dl-p-tolylamlne  (DTA, 
R=GH3)  and  CHBr3  In  toluene  solution  was  studied  in  more 
detail. 

The  transient  absorption  spectrum  (\^^^~700nm) ,  which  was 
recorded  200ps  following  flash  lamp  excitation,  corresponded 
with  the  spectrum  of  amine  cation-radical  DTA"'"*.  The  DTA'*’’ 
disappeared  on  second  order  kinetics,  and  the  spectrum  of 
intermediate  (A  ~540nm)  arose  within  time  region  to  some 
seconds. 

Doth  the  rate  constant  of  IM  appearance  (k'*')  and  the  rate 
constant  of  IM  decay  (k")  obeyed  first  order  kinetics,  but  the 
k'*’  value  showed  in  turn  first-order  dependence  on  the  concen¬ 
tration  of  DTA.  Therefore,  second  amine  molecule  should  take 
part  In  the  IM  formation  reaction. 


11-16 


EXCITED  STATE  SOLVENT  INTERACTIONS  OF  ALU’IIATiC 
AND  AROMATIC  AMINES 


GoLtfried  Koltler 


liiscitut  (iir  thcorcLlsche  Chemle  uud  Stralilcnclicmle 
University  oC  Vienna,  WBliriiiBcrsir.  38,  A-i090  Vienna  (Austria) 


Solvent  citects  on  excited  state  properties  were  studies  compors- 
tively  Cot  a  series  oC  alipahtic  and  aromatic  amines  in  various  binary 
solvent  mixtures.  Formation  of  fluorescent  exeiplexes  of  excited  triethyl- 
amine  and  l-aza-bicyclo-2,2,2-octanc  (ABCO)  with  alcohols  and  ethers  in 
n-hexane  solution  were  followed  by  nanosecond  time  and  energy  resolved 
fluorescence  spectroscopy.  The  results  are  discussed  on  the  bases  of  a 
successive  association  model.  Structural  features  of  these  exeiplexes 
were  obtained  from  ab  initio  calculations.  Bonding  interactions  arise 
essentially  from  an  overlap  of  the  lone  pairs  of  the  subunits. 

The  models  for  intermolecular  interactions  obtained  from  these 
studies  on  aliphstic  systems  were  applied  to  explain  local  solvent 
effects  in  binary  alcohol-hexane  solvent  on  some  aromatic  amine  systems 
showing  intramolecular  charge  transfer.  These  systems  are  essentially  p- 
cyano-N,N-dlmethylsniline,  commonly  accepted  as  a  model  compound  for  the 
phenomenon  of  "twisted  intramolecular  charge  transfer",  and  N,N-dimethyl- 
2-phenyleChylamlne . 

Contrary  to  these  systems,  solvent  effects  upon  fluorescence  of  N,N- 
dimethylamine  and  related  molecules  can  be  explained  by  electrostatic 
interactions  with  the  molecular  environment  and  are  thus  related  to 
macroscopic  solvent  parameters.  Primary  and  secondary  aromatic  amines 
(e.g.  aniline)  show,  however,  excited  state  complexation  reactions  in 
amine-alcohol-hexane  ternary  systems  which  can  be  attributed  to  hydrogen 
bonding  interactions  in  the  excited  state.  The  influence  of  solvent  on 
various  deactivation  pathways  is  discussed  in  detail. 
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Intramolecular  Triplet  Excimers  of 
llridgcd  Diaryl  Compounds 


Steve  Modiano,  Jozef  Dresner  and  B.  C.  Lim 


Knight  Chemical  Laboratory,  The  University  of  Akron 
Akron,  OH  44325-3601,  U.  S.  A. 


Formation  end  decay  of  intramolecular  triplet  excimers  of 
bridged  diaryl  compounds,  in  fluid  solutions  at  room  temperature, 
have  been  investigated  by  time-resoived  optical  spectroscopy.  The 
dependence  of  the  excited-state  dynamics  on  the  nature  of  the 
bridging  group,  the  nature  of  the  aromatic  moiety,  the  position  of  tiie 
linkage,  and  the  nature  of  the  solvent  will  be  described. 
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ELECTRONIC  RELAXATION  IN  2-PYRIDONE  VIA 
HYDROGEN  BONDED  DIHERS 
A.  C.  Tcata 

Department  of  Chemistry,  St.  John's  University 
Jamaica,  New  York  11439  (U.S. A. > 

The  iniiuence  oi  donor-acceptor  interactions  on  the  lumi¬ 
nescence  properties  of  molecular  systems  can  manliest  itseli 
in  many  ways.  We  have  investigated  the  iluorescence  and  phos¬ 
phorescence  behavior  oi  2-pyrldone  and  our  results  indicate 
the  existenoe  of  a  hitherto  unrecognized  intermolecular  relax¬ 
ation  channel.  This  molecule  has  sustained  continuing  interest 
in  many  laboratories  due  to  its  tautomeric  equilibrium.  A  com¬ 
parative  study  with  2-methoxypyridine,  which  does  not  involve 
the  keto/enol  tautomeric  equilibrium,  is  very  revealing  in  im¬ 
plicating  a  hydrogen  bonded  dimer  in  the  excited  state  of  2- 
pyridone,  which  most  likely  undergoes  a  double  proton  transfer 
in  the  excited  state.  OX  signiXioant  interest  is  the  dramatic 
increase  in  its  Xluorescence  and  phosphorescerce  yield  ob¬ 
served  in  alkaline  media,  which  is  in  sharp  contrast  to  che 
enhanced  luminescence  observed  Xor  aromatic  nitrogen  heterocy- 
clics  upon  protonation.  Our  interpretation  is  supported  by 
Xluorescence  and  phosphorescence  liietime  and  quantum  yield 
data,  which  will  be  presented.  Our  semi-empirical  MO  calcu¬ 
lations  oX  this  molecule  illustrate  the  existence  oX  close 
n, n  and  n, n  states,  and  the  inversion  oX  states  occurring 
with  protonation  of  the  nitrogen  lone  pair.  Our  data  will 
provide  evidence  Xor  the  existence  oX  a  hydrogen  bonded  dimer 
in  the  excited  state,  which  undergoes  a  double  proton  trans- 
Xer. 
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THE  GROUND  STATE  BENZENE-OXYGEN  COMPLEX 

Edward  A.  Gooding  and  Peter  R.  Ogilby 
Department  of  Chemistry,  University  of  New  Mexico, 

Albuquerque,  NM  87131  USA 

The  Drago-Rose^/Benesl-Hlldebrand^  spectrophotometrlc  method 
has  been  used  to  quantify  ground  state  complex  formation 
between  benzene  and  oxygen  in  the  gas  phase  at  295  K. 
Absorption  to  the  benzene-oxygen  charge-transfer  stated  was 
the  experimental,  parameter  monitored.  Assuming  a  1:1 
reaction  stoichiometry,  the  data  yield  a  free  energy  for 
complex  formation  (AG295K)  of  -1.2  ±0.3  Kcal/mole  and  a 

complex  extinction  coefficient  of  14  ±4  cm*^  M*^^  at  218  nm. 
Independent  experiments  based  on  Dalton's  Law  of  partial 
pressures,  however,  indicate  that  the  Drago-Rose/Benesi- 
Hildebrand  results  most  likely  overestimate  the  stability  of 
the  benzene-oxygen  complex  and  that  a  more  accurate  AG  value 
is  — 0,8  Kcal/mole.  In  an  analogous  experiment,  the 
methanol -oxygen  charge-transfer  absorption  was  quantified  in 
a  series  of  aqueous  solutions  at  295  K.  In  this  case,  the 
data  do  not  indicate  the  presence  of  a  weakly  bound  complex, 
but  rather  are  consistent  with  Mulliken's  definition  of  a 
•contact*  complex.* 

1.  Rose,  N.J.;  Drago,  R.S.  J.Am.Chetn.soc.  1959,  fli.  6138- 
6141. 

2.  Benesi,  H.A.:  Hildebrand,  J.H.  .7 . Am . Chein . Soc .  1949,  21, 
2703-2707. 

3.  Tsubomura,  H.;  Mulliken,  R.S.  J .Am.Chem. Soc.  1960,  £2, 
5966-5974. 

4.  Orgel,  L.E.;  Mulliken,  R.S,  J.Arn.Chem.Soc.  1957,  JSl,  4039- 
4846. 
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PAllTIALLY  CONSTRAINED  PROXIMATE  CmiOMOPIIORES: 

EXCIMEU  STUUCITJIUS  AND  lONE-lTCS  IN  DIAN’IIUIACENE. 

Gregory  U.  Scholcs.  KcimcUi  P.  Ghiggino  and  Gorard  J.  Wilson 
Of/MriNictil  1)/  Cliemistr\/,  The  University  of  Melbourne,  Tnrkville  3052  (Ausirulia) 

During  an  invcsUguUon  of  a  sorios  of  linkcd-anlhraccncs(')  and  Ihcir 
pholodimcrs  (Fig.  1),  il  was  found  Umt  somo  of  Iho  fluorescence  decay  curves 
wore  only  filled  salisfaclorily  by  a  sum  of  two  oxpononlials.  Exaininalion  of 
Iho  fluorescence  emission  by  picosecond  lime>rcsolvod  speclroscopy  indicated 
that  it  was  actually  composed  of  two  overlapping  bands.  Tbo  p'ssiblo 
formation  of  o-xylone  excimors  has  been  proposed. 


An  inquiry  is  currently  underway  to  examine; 

(i)  The  kinetics  of  the  excited  state  processes  occurring  in  these  molecules; 

(ii)  The  consequence  of  apparently  small  structural  perturbations  in  the  a- 
framowork  on  the  excimer  minimum,  and  hence  the  photophysics; 

(iii) The  geometrical  and  electronic  changes  occurring  upon  excitation,  using 
both  ab  initio  and  sciniompirical  calculations. 

Recent  workers  have  explored  the  kinetics  of  excimers  formed  from  van 
dcr  Waals  dimers  in  the  rotationally  and  vibrationally  cold  environment  of  a 
supersonic  jeti^).  It  is  believed  that  the  present  study  focuses  on  such 
phenomena  occurring  in  the  condensed  phase,  but  in  this  case  tlio 
chromophores  are  held  in  a  closely  overlapped  configuration  by  a  rigid 
"o*framework".  As  a  consequence,  valuable  insight  is  gained  into  the  topology 
of  the  excited  state  hypcrsurface  in  the  region  of  excimer  formation. 


D)  G.D.  Scholcs,  K.P.  Ghiggino  and  G.i.  Wilson,  Chem,  Phys.,  (in  press). 
(2)  e.g.,  II.  Saigu.sa  and  E.C.  Urn,  A  Phys.  Chem.,  95,  2364  (1991). 
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A  photochemical  and  laser-flash-photolyeis  study  on  exciplexes 
of  some  dlacylethylenes  with  electron  donors  and  acceptors. 

G.G.  Alois!,  P.  Ellsel  and  U.  Mazzucato  * 

Dlpartlmento  dl  Chlmlca,  Unlvecslt&  dl  Perugia 
1-06100  Perugia,  Italy 

Several  papers  In  the  last  decade  have  shown  that  Intersystem 
crossing  and  trans  •*  cis  photoisomerization  of  diarylethylenes 
(DAEs)  can  be  enhanced  by  charge  transfer  (CT)  interactions  with 
electron  donors  or  acceptors  (1).  In  our  laboratory  a  study  on 
exciplexes  of  styryl-derlvatlves  of  phenanthrene  and  anthracene 
with  amines  (electron  donors)  has  been  carried  out.  The  effect 
of  the  quencher  on  the  fluorescence  and  photoisomerisation 
quantum  yields  of  the  olefin  has  been  investigated  (2). 
Moreover,  the  transients  originated  by  CT  interactions  have  been 
characterized  by  pulsed  techniques.  In  non-polar  solvent  the 
triplet  is  the  main  transient  observed,  while,  in  general,  only 
radical  ions  are  present  in  acetonitrile  (3). 

In  order  to  extend  this  investigation,  we  undertook  a 
photophysical  and  photochemical  study  of  the  exciplexes  of  the 
trans  isomers  of  styrylnaphthalenes  and  their  asa-analogues , 
9-styrylphenanthreno  and  some  arylthienylethylencs  with 
dicyanobenzene ,  dimethylterephthalate  and  fumaronltrlls 
(electron  acceptors). 

The  fluorimetric  measurements  showed  that  the  rate  constants 
for  the  quenching  of  the  olefin  fluorescence  by  the  electron 
acceptors  Increase  with  decreasing  of  the  reduction  potential  of 
the  quencher  and  reach  the  dlffusional  value  for  fumaronit rile 
(the  strongest  acceptor)  In  acetonitrile.  The  trans  -  cis 
photoisomerization  Is  quenched  or  enhanced  depending  on  the 
etliylenic  compound  and  on  the  solvent. 

Laser  flash  photolysis  experiments  showed  that  in  non-polar 
solvents  the  main  transient  is  the  olefin  triplet  while  in 
acetonitrile  the  CT  interaction  produces  the  corresponding 
radical  ion  pairs.  The  spectral  and  kinetic  characteristics  of 
the  radical  cations  of  diarylethylenes  were  obtained  in  terms  of 
absorption  spectra,  lifetimes  and  formation  quantum  yields. 

The  laser  flash  photolysis  investigation  of  these  DAEs  was 
also  extended  to  the  exciplexes  with  amines.  Characterization  of 
the  radical  anion  and  of  the  triplet  state  was  also  performed. 

[ie  f  e  rcnces 

(1)  Sec  e.q.  P.  0,  Lewis,  in  "Photoinduced  Electron  Transfer. 
Part  C.  Photoinduced  Electron  Transfer  Reactions:  Organic 
Substrates",  M.A.  Fox  and  M.  Chanon  Eds.;  Elsevier, 
Amsterdam,  1900,  and  references  therein,  p.  1. 

(2)  G.G.  Aloisi  and  p.  Elisei,  J.  Phys.  Chem.,  94,  5813  (1990). 
(J)  F.  Elisei,  G.G.  Aloisi  and  U.  Mazzucato,  J.  Phys.  Chem. ,94 , 

5010  (1990);  G.G.  Aloisi,  F.  Elisei  and  II.  Gdrner,  J.  Phys. 

chem.,  95,000  (1991);  •■.  Gdrner,  F.  Elisei  and  G.G.  Aloisi, 
J.  Chem.;  Soc.,  Faraday  Trans.  2,  submitted. 
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PHOTOINDUCED  INTRAMOLECULAR  CHARGE 
SEPARATION  IN  PYRENE-DIMETHYLANILINE  COMPOUNDS 
(PDMA).  AN  EXPERIMENTAL  STUDY  IN  n-HEXANOL 

Gereon  H&tlinann,  Wolfgang  KQhnle,  Hubert  Slacrk  and  Alexander  Wiessner 

Max'Planck-lnslitut  fiir  biophysikatischeChemie,  Ableilung  Spcklroskopic 
Am  Fassberg,  D-W3400GiHtingen,  Germany 

The  intramolecular  charge  transfer  (CT)  reaction  and  solvation  dynamics  of  the 
bichromophoric  compounds  1*PDMA  and  4-PDMA(s)  have  been  studied  in  alcohols  using 
picosecond  emission  spectroscopy  and  broadband  picosecond  time-resolved  absorption 
spectroscopy.  While  fluorescence  quenching  and  solvation  in  acetonitrile  take  place  in  i  300 
femtoseconds  the  processes  are  stowed  down  e.g.  in  n-hexanol  by  about  a  factor  of  100,  and 
can  be  followed  spectroscopically  at  room  temperature  in  the  10-300  ps  range.  The  decay  of 
the  locally  exited  state  (LE)  is  strongly  nonexponential  and  in  the  case  of  i-PDMA  shorter 
than  tlie  low-frequency  dielectric  relaxation  time  (tJ  of  tlie  alcohol  solvent.  Tire  CT 
fluorescence  spectra  show  an  unstructured  broad  emission  band  which  undergoes  a  very  large 
bathochromic  shift  witli  increasing  solvent  polarity  indicating  a  large  dipole  moment  of  the  CT 
species.  The  complex  fluorescence  kinetics  which  depend  on  wavelength  can  in  fact  be 
explained  in  part  by  the  time  dependent  red  shift  of  the  CT  emission  bands.  Such  kinetic 
behaviour  has  recently  also  been  observed  witli  a  different  class  of  bichromophoric  molecules 
in  alcohols. '** 

The  results  obtained  witit  the  model  compounds  PDMA  provide  the  key  for 
understanding  the  kinetics  of  linked  molecules  e.g.  of  the  type  A-(CH2)„-D,  n  -  1-4,  in 
alcohols. 


4-PDMA(s)  1-PDMA 


'  F.  Ueiitl,  J.A.  Mlehi,  A.Vf  Szemik;  atm.  Phyt  Lett.  1211(1987)321. 

*  C.  Ecken,  F,  lleisel,  J.A.  Midii,  R.  Ltiimyailc,L  Ducmsc;  Oim.  Pliys.  Lett.  (1988)357 
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SOLVATOCimOMISH  IH  AMILS 
EuganlA  L«mbl,  Olni  G«aleu  And  Eugan*  Hadjoudlt 
H.C.8.K.  "Danokrltoi",  153  10  Aghl*  rAraakavi-Attlki,  Oraac* 


Tha  phanonanon  o{  aolvatochronlan  In  anlla^'^  (davalopmant  of  a  naw 
abaorption  band  in  tha  apactral  ragion  naar  440nM  in  polar  hydcogan 
bonding  aolvanta)  appaara  Much  atcongar  in  M>aalieylldana-bantylaminaa 
and  -athylamino  and-propylamino  anilinaa  in  conpariaon  to  H-aalioylida- 

I 

naanilina,  bacauaa  of  tha.  pcaaanea  of  tha  mathyl  groupa  batwaan  tha 
C  >  H  doubla  bond  and  tha  naighbouring  to  tha  nitcogan  aromatic  ring 
which  intarrupta  tha  raaonanca  of  tha  imino  nitrogan  Iona  pair  alactrona 
with  tha  n  ayatam  of  tha  aromatic  ring  raaulting  in  a  mora  baaie 
charaetar  of  tha  imino  nitrogan  in  tha  alactronie  ground  atata. 

Solvatochromlan  of  anila  haa  baan  attributed  to  an  anol>kato 


tautomarian^. 


eia>kato 


N*aalieylldanaanilino 

liowavar,  IR  and  Raman  apaotra  of  H-aalicylidanaaniline  (1)  in 
aolvanta  laaa  acidic  than  haxaf luoroiaopropanol  hava  ahown  that  tha 
C  >  N  doubla  bond  ramaina  intact  and  thua  no  tautomorication  occura^.  It 


appaara  tharafora  that  the  origin  of  tha  440nn  vialbla  abaorption  band 
ramaina  open  for  further  reaaarch. 

in  tha  praaant  work  the  above  mentioned  compounda  hava  bean  atudiad 
comparatively  in  CIICI3  and  trif luoroathanol  (TFE)  by  FT-IR  apactroacopy. 
In  all  caaea  in  TFE  now  abaorption  banda  are  obaarvad  in  tha  region 
1700-1500  cm~^  indicating  the  formation  of  the  cla-kato  tautomar.  Kinetic 
atudiaa  in  ethanol  indicate  alao,  that  the  cia-kato  tautomer  ia  connected 
by  intarmolecular  hydrogen  bond  to  one  molecule  of  the  aolvent  (3). 


(1)  J.Charetta  at  al.,  spectrochim.  Acta,  2£i  ^77  (1964). 

(2)  H.D,  colien  and  S.  Flavian,  J.  Chom.  Soc,  0,121  (  1967), 

(3)  J.H.  Ledbetter  Jr.,  J.  Fhya.  Chem.  £1,  54  (1977). 

(4)  J.W.  Lawia  and  C.  Sandorfy,  Can,  J.  Chem.  £0,  1727  (1982). 
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DYNAMICS  OF  MULTICOMPONENT  SOLVATION  SNELL 

Vlastiiiiil  i'i(llcr‘'\  Kulcrina  Krij(»vti“\  Stcl'aii  Vajda'*^  and  JOrg  Sclirocdcr*’^ 

(a)  Cliai  lca  Univuriiily,  Department  of  Physical  Chemistry,  AII)Cituv  2030, 

CS  128  40  Praha  2,  (Czechoslovakia) 

(h)  liistitut  I'lir  Pliysikalisclie  Chcmic,  Universitiit  Giittiiigeii,  'rammaimstr.O, 

W  3400  Gdltiiigcn,  (Germany) 

The  solvation  dynamics  of  a  lluorcsccnt  pruhe  (Coumarin  102)  in  the  presence  of  an 
electrolyte  (LiCIO^)  was  studied  by  vailing  Uic  ion  concentration  at  ambient  and  eleva¬ 
ted  pressure  in  acetone  solution,  niuorcsccncc  decays  were  determined  by  time-correla¬ 
ted  single  photon  counting  us  de.scrit)ed  previously^  They  were  analyzed  by  two  diri'c- 
rent  metluxis  to  yield  the  .solvation  correlation  I'unction  C(t)  dc.scribing  the  .solvation 
energy  reiaxation  alter  initial  photocxcitation:  (i)  reconstruction  of  the  complete  time- 
re.sulved  emi.ssion  .s|>ectra^^^  and  (ii)  the  time  .saving  single-wavelength  method.^^*^^ 

In  die  Coumarin  1 02/LiCiO^/ Acetone  system  a  slow  (ns)  .solvation  shell  relaxation 
coiniHincnt  was  observed  that  appeared  to  be  similar  to  the  one  reported  by  Huppert  ct 
al.^^^.  At  ambient  pressure,  die  relaxation  time  increa.scd  with  decreasing  ion  concen¬ 
tration  even  under  conditions  where  UCIO^  was  still  in  excess  of  coumarin.  At  high 
pressures  (p  >  300  MPa),  however,  Uiis  concentration  de|>cndence  was  found  to  lie  far 
lc.ss  pronounced.  At  certain  ion  concentrations  the  reconstructed  s|>cctra  llrst  showed  a 
rapid  blue  shill  after  excitation,  followed  by  die  cxiiecled  red  .shift  at  later  limes.  Similar 
phenomena  have  been  observed  for  dansyl  dissolved  in  pure  glycerol  at  specific 
temperatures  (vi.scosilie.s)^®\ 

The  applicability  of  the  single-wavelength  method  is  di.scus.sed  in  view  of  these 
experimental  results,  which  are  interpreted  in  terms  of  diffusive  contributions  to  the 
meclianisni  of  solvation  shell  relaxation. 


(1)  V.Fidler,  S.Vujda,  Z.Linipuuchovd,  J.Dvofilk,  K.Pruclulzku,  and  ii.Uedmlf, 

Coll.Czech.Coniin.SO  (1989)  301 1. 

(2)  M.Maroncclli  and  G.R.FIeming,  J.Chcm.Phys.86  (1987)  6221. 

(3)  V.lllah  and  D.Huppert,  Chcm.Phys.Letl.173  (1990)  496. 

(4)  V.Nagarajan,  A.M.DrcarIcy,  T.J.Kang,  and  P.P.Darbara,  J.Chcm.Phys.86  (1987)  3183. 
(3)  D.Huppert,  V.Ittali,  and  C.M.Kosowcr,  Chcm.Phys. Lett.  159  (1989)  267. 

(6)  S.VaJda  el  al.,  to  be  published. 
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KETO-ENOL  TAUTOMERISM  IN  THE  MBTASTADLE  TRIPLET 
STATE  OP  2-(2'-DEUTEllOXYPllENYL)BENZOXAZOLE  AND 
2-(2'-DEUTEROXY-4'-METnYLPIIENYL)BENZOXAZOLE 


lliiikc  l'iis<»iili(!rf;<!r,  ncruliiiril  NicJccI,  A.  Aiulritiui  Hiilli, 

Wajili  Al-Suufi,  Knrl  II.  Grcitniann  and  Murccdcs  Novo 

Max-IMnnck-liislilul  fur  Biojdiysikaliacltc  Clicinic,  Abluiluiig  S|>ckli'o.sl<o|>ic, 
Ain  (''iuisbcrg,  D-3<100  Gullingun,  Germany 


Due  to  inlrainolccular  prolon  transfer  2-(2'-l)ydroxypt>cnyl)bcnv.oxazolc  (IlUO)  can 
exist  in  two  tautomeric  forms,  an  cnol  form  (E)  and  a  keto  (K)  form.  Accidentally,  in 
the  mctastabic  triplet  statu  of  IliiO,  both  forms  have  the  same  energy.  For  this  reason 
IlIJO  shows  a  <lual  phosphorescence',  *K*  -♦  *K  and  ®E*  — »  'E.  In  IIUO  the  kcto-enol 
c(|ullibratinn  ^K*  "E*  is  too  rapid  for  its  observation  in  an  phosphorescence  experiment. 

In  its  dcuteroxy  analogue  DUO  this  c<|uilibration  is  much  slower  than  in  IIBO  and  strongly 
affects  the  initial  time  dependence  of  the  dual  phosphorescence. 

In  2-(2'-hydroxy-'i'-mclhylphcnyl)bcn!toxaxolc  (m*MellBO)  the  energy  of  the  keto 
triplet  state  is  higher  than  the  energy  of  the  enol  triplet  state  and,  therefore,  no  keto 
phosphorescence  is  observed.  In  m>McDl)0,  however,  the  ^K*  ^  ’’E*  ecpiilibration  is 
slower  and  time-resolved  measurements  show  an  initial  keto  phosjrhorcsccnce. 

In  both  cases  the  sum  of  the  rate  constants  kim  and  kuK  has  bcsni  obtained  from  the 
initial  time  dependence  of  the  dual  phosphorescence,  in  good  agreement  with  results  of 
transient-absorption  experiments.  It  can  be  concluded  from  these  phasphoresccncc  expe¬ 
riments  that  "E*  is  iilmost  exclusively  populated  by  "K*  "E*  and  not  by  intersystem 

crossing  'E'  -v*  *E*.  Furthermore,  a  large  isotope  effect  on  the  rate  constants  ka-  and  k;,- 
has  been  found. 


'M.F.  Iloilrleut-r,  I’riclo,  11.  Nickel,  K.ll.  CIrdliiinnn,  A.  Mordsiiiiki,  Clieni.  I'liys.  Istllcrs  140,  387 
(1088). 
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EXCIMER  AND  EXCIPLEX  INTERMEDIATES  IN  AN'IIIRACENE  BUTTERFLIES 

Gerard  J.  Wilson.  Gregory  D.  Scholcs  and  Kenneth  P.  Ghiggino 
Hie  University  of  Melbourne, 

Porkville  3052,  Victoria,  Australia 

Free  radical  synthesis  of  1 ,2-(bis-9-anthryl)ethane  (AEA)  produces  the  isonicr  L  as  a  side 
product  (0.  It  hits  been  given  the  trivial  name  'lepidoptcrcnc*  on  account  of  its  suggestive 
shape. 


The  remarkably  different  photophysics  and  photochemistry  of  Icpidoptcrcne,  AEA  and  the 
photoisomcr  of  AEA  (AEAPl)  have  been  examined  using  steady-state  and  time-resolved 
spectroscopy  Temperature-dependent  fluorescent  sixictm  of  AEA  were  numerically 

resolved  into  the  contributions  from  various  underlying  components  using  Principal  Factor 
Analysis.  In  addition  die  ground-  and  excited-state  potential  energy  hypersurfaces  were 
detennined  using  the  scmi-cmpirical  force  Held  of  Worshcl  and  Karplus  modined  to  take  into 
account  cxcimer  interaction  in  the  excited  state  (3). 

Hie  quite  diffcient  behaviours  of  tlie  isomers  can  be  rationalized  in  tcniis  of  the  theoretical 
ideas  developed  by  Michl,  based  on  the  Woodward  -  Hoffmann  rules  for  the  conservation  of 
orbital  symmetry. 

(1)  G.Fclix,  R.Lapouyndc,  A.Castellan,  H.Douas-Laurent,  J.Gaultier  and  C.IIauw 
Tetrahedron  Letts.,  409  (1975) 

(2)  H.-D.Beckcr  K.Sandros  and  K.Andersson  Chem.  Phys.  Letts  22  246  (1981); 
J.Ferguson,  R.J.Robbins  and  G.J.Wilson  J.Phys.Chem.,  BS,5193  (1984) 

(3)  G.D.SchoIcs,  G.J.Wilson  and  K.P.Ghiggino  Oiem.  Phys.  (in  press) 
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NAPirrHYL-QUINOLYL-ETHYLENES  CONFORMERS : 

A  PHOTOPHYSICAL  STUDY.; 

Giorgio  Gennari ■  Pietro  Bortolus  and  Guido  Galiazzo. 

Universita'  di  Padova,  Via  Loredan  2.  35131  -  Padova  (Italy). 

"Die  presence  of  rotational  conformers  of  trana  diaryl- 
ethylenes  in  solution  is  a  well  extablished  phenomenon^ ' In 
our  laboratory,  particular  attention  was  devoted  to  the  solvent 
dependence  of  tlve  photochemical  and  photophysical  properties  of 
the  rotamers  of  trans  Styrylquinol ines,  both  in  neutral  and 
protonated  forms.  In  general,  the  behavior  of  these  molecules 
depends  on  the  position  of  the  styryl  residue  with  respect  to 
the  heterocyclic  nitrogen  .  The  two  conformers,  when  present, 
have  quite  different  deactivation  parameters  so  that  a  strong 
dependence  of  the  photoisomerization  and  fluorescence  quantum 
yields  on  the  excitation  wavelength  was  observed^.  This  effect 
is  especially  clear  for  the  positional  isomers  bearing  the 
styryl  group  linked  to  the  benzenic  ring  of  the  quinoline, 
owing  to  high  fluorescence  yields  and  long  lifetimes. 

In  order  to  study  the  conforsnational  equilibrium  of  the 
compounds  substituded  on  the  pyridinic  ring,  we  have  synthesi¬ 
zed  a  series  of  naphthyl -quinolyl  ethylenes,  because  the  enlar¬ 
gement  of  the  aromatic  system  generally  increases  the  fluore¬ 
scence  properties.  As  expected,  the  obtained  compounds  display 
a  greater  quantum  yield  of  fluorescence  and  in  this  communica¬ 
tion  we  report  a  detailed  study  of  the  emission  characteri¬ 
stics.  studied  by  phase  fluorometry  technique,  and  their  depen¬ 
dence  on  the  excitation  wavelength. 

1.  E. Fischer,  J.Photochem. ,  1981,  17,  331 

2  U.Mazzucato  and  F.Momicchiol i ,  Chem.Rev.,  in  press 

3  G. Galiazzo.  P. Bortolus  and  G. Gennari,  Gazz.Chim. J.tal .  1990, 
120,  501 

4.,  G. Gennari,  P. Bortolus  and  G. Galiazzo,  J. Mol  .Struct,  in  presc 
Financial  support  by  Italian  M.U.R.S.T  is  acknowledged. 
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EXCITED-STATE  PROTON-TRANSFER  PROCESSES 
IN  a-PyRIDXLDENZIHIDAZOLES 
M,  Nosquera,  M.  Novo,  C.  Rloa,  F.  Rodriguez  Prieto 
Dpto.  Quimica  Pislca.  Univetsidad  de  Santiago. 

E-1S706  Santiago  de  Compostela.  SPAIN. 

Ground-  and  excited-state  acid-base  behaviour  of  2-(n'- 
pyr idyl )benzimidazoles  (n*  >  2,3,4  called  2PBI,  3PBI  and  4PBI 
respectively)  in  aqueous  solution  has  been  studied  over  a  wide 
range  of  acidity.  UV  absorption  and  fluorescence  emission 
spectra  were  measured  as  a  function  of  pH  in  order  to  identify 
the  various  species  that  exist  depending  on  acidity  and  the 
processes  taking  place  between  those  species. 

Absorption  spectra  reveal  that  the  first  protonation  of 
2PBI  and  3PBI  isomers  takes  place  at  the  benzimidazole  N3, 
whereas  for  4PBI  the  N3-protonated  species  and  the  species 
protonated  at  the  pyridyl  N  are  present  in  roughly  equal 
proportions  due  to  the  similarity  of  the  basicities  of  these 
two  N  atoms. 

Dual  fluorescence  is  observed  for  2PBI  in  acid  media*  and 
for  4PB1  at  any  acidity  in  the  pH  range  from  1  to  13,  whereas  a 
single  band  appears  in  the  emission  spectra  of  3PBI .  Ttie  high- 
energy  emission  band  shown  by  all  three  compounds  is  due  to 
emission  of  both  neutral  species  and  monocation  protonated  at 
the  benzimidazole  N3  as  a  function  of  acidity.  For  2PBI  and 
4PBI,  the  low-energy  emission  band  is  attributed  to  the  species 
protonated  at  the  pyridyl  N,  which  is  formed  by  proton-transfer 
processes  in  2PBI  and  also  by  direct  excitation  in  4PB1,  due  to 
an  increase  of  basicity  of  that  N  atom  in  the  excited  state. 


2PBZ  3PBZ  4PB1 

1.  F.  Rodriguez  Prieto,  H.  Kosquera,  H.  Novo,  J.  Phys.  Chem. , 
1Q80,  94,  8536. 
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WAVGIJiNGTI  1  AND  •lliMl’GUATUKB  HR'IiCrS  ON 
•n  IE  PI  lOTOCI  lEMISTJtY  OF  VITAMIN  D 

E.M.  Vrooin  and  lU.C.  Jacobs 
I^iclcn  University,  Dcpnriiiicnt  of  Organic  Clicinisiry, 
1>.0.  Box  9502,  NL-2300  RA  Ixidcn,  ’Hie  Nctlicrltinds 


Uliruviolci  irradiation  of  vitamin  D  produces  six  photoproducls  SI  to  S6G);  two 
stcrcoisomcric  bicyclo|3.1.0Jlicxcnc  derivatives,  suprasterols  SI  and  S2,  two  stcreoisomeric 
nllcnc  dcriviitives,  supnisterols  S3  and  S4,  and  two  stercoisomcric  cyclobulenc  derivatives, 
suprasterols  SS  and  S6.  Tlic  two  suprasterols  SI  and  S2  arc  formed  as  major  photoproducts, 
llic  cis/trans  isomerization  pnxluct,  trans-vitamin  D,  is  only  isolated  after  sbort-tenn  irradiation 
in  soIution(2).  Tiie  formtition  of  S 1  and  S2  has  been  related(3^  to  the  occurrence  of  vitamin  D  in 
two  cZt  conformations  tliat  differ  in  the  sense  of  lielicity  of  the  triene  cliromophoie. 

In  order  to  investigate  the  relationship  between  the  lielicity  and  the  possible  influence  of 
varying  amounts  of  excitation  energy  on  the  photoproduct  fonnation  and  in  particular  on  the 
ratio  S1/S2  we  have  studied  the  effects  of  wavelength,  solvent  and  tcmticralurc  on  the 
photochcmi.stry  of  vitamin  D.  Quantum  yields  of  product  formation  in  diethyl  ether  were 
dcietmincd.  Crystalline  vitamin  D  and  vitamin  D  analogues  were  also  imidiated. 

When  vitamin  0  is  irradiated  at  room  tem|)crature  at  wavelengths  longer  than  302  nm  all 
six  iihotoproducts  arc  fonned.  At  shorter  wavelengths  the  two  allene  derivatives  S3  and  S4  arc 
not  found  in  the  irradiation  mixture.  The  ratio  of  SI  and  S2  docs  not  reflect  the  ground  state 
equilibrium.  At  lower  temperature  irradiation  tit  302  and  313  nm  produces  more  S2  than 
expected  from  the  temperature-induced  change  of  the  ground  state  equilibrium.  At  \  shorter 
than  302  nm  the  formsition  of  S 1  is  favoured  in  the  solvent  isooctane;  in  ether  and  ethiinol  the 
proportion  of  S2  grows  faster. 

Irradiation  of  crystalline  vitamin  D  and  its  analogues  does  not  show  a  direct  relation 
between  the  lielicity  in  the  ground  state  and  the  formation  of  S I  and  S2  either, 

(1)  S.A.  Bakker,  J.  Lugtenburg  and  E.  flavinga,  Reel.  Trav,  Ciiim.  Pays-Das  1972, 91, 

1459 

(2)  R.  Mcrnict-Bouvier,  Bull.  Soc.  Chim.  Fr.  1973,  3023 

(3)  J.W.J.  Ciclcii,  Ph.D,  Tliesis,  Leiden  1981 

(4)  E.M.  Vrooin  and  1 1.J.C,  Jacob.s,  Abstracts  of  the  Xllllh  lUPAC  Symposium  on 
Photocheniisiry,  University  of  Warwick,  Coventry  1990 
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ULTUAFAST  CONFORMATIONAL  RELAXATION  PROCESSES  IN 
SATURAIILE  DYES  STUDIED  MV  TIME  RESOLVED  SPECTROSCOPY 

Monique  M.  MARTIN.  Pascal  PLAZA,  Nguyen  DAI  IIUNO,  Yves  II.  MEYER 
Labornloirc  dc  Pltolophysiquc  Mol&'ulairc  du  CNRS,  DSt  21 3, 

Universitd  Paris-Sud,  9140S  ORSAY,  Fra'ice. 

Pliotoinduccd  conrurniational  rclaxacion  such  us  photoi.soincrization  involve  large 
amplitude  inicrnul  inuicculur  motion  which  can  be  monitored  by  time-re.solvcd  .spectroscopy. 
Extensive  experimental  studies  have  be.  n  reported  on  intramolecular  rearrangements  of 
olcrmes,  polymcthinc  and  triphcnylmcihane  dyes.  In  the  recent  years,  particular  attention  was 
given  to  ultrafast  photoisomcrism  processes  in  the  latter  three  classes  of  compounds  by 
picosecond  and  femtosecond  studies  (1>3  and  references  thcreinl.  Polymcthinc  and 
triphenylmcthanc  saturable  absorber  dyes  are  used  for  laser  applications  such  as  passive  mode¬ 
locking  or  short  pulse  ampliners  decoupling.  More  recently  they  have  been  applied  to 
extracavity  laser  pulse  shortening  down  to  tlie  subpicosecond  level  [4,S|. 

In  order  to  understand  the  molecular  processes  responsible  for  the  ultrafast  absorption 
recovery  of  triphenylmcthane  saturable  absorber  dyes  in  fluid  solutions,  we  measured  their 
time-resolved  transient  absorption  and  gain  spectra  in  the  320-7S0  nm  wavelength  range  after 
subpicosccond  laser  cxcitatioit  16).  The  observed  transient  spectra  can  be  described  by  the 
superposition  of  the  absorption  and/or  gain  sixetra  of  tlte  ground  and  first  excited  states,  and  of 
a  highly  unstable  transient  state  involved  in  die  excited  state  relaxation  process.  'Ute  absorption 
cross  sections  of  the  transient  state  as  weii  as  the  absorption  and  stimulated  emission  cross 
sections  of  the  dye  first  excited  S|  state  were  extracted  from  the.se  experiments  and  from 
stationary  nuorc.sccnco  measurements.  Tlic  u-ansient  state  absorption  spcctnmt  was  found  to  be 
similar  to  that  of  S  t  but  spectrally  shifted  to  higher  energies  and  attiibuted  to  n  non  fluorescent 
excited  state  confomicr. 

In  order  to  characterize  the  pliotoinduccd  confomiatioiml  change  wc  undertook  time- 
resolved  unisotropy  experiments.  Pump-probe  experiments  witli  polarized  light  provide  a  mean 
to  monitor  changes  in  tlte  direction  of  tlie  transition  dipole  moment  for  the  solution  excited  state 
electronic  absorption  during  its  relaxation  process.  I1ic  results  obtained  in  time-resolved 
anisotropy  measurements  in  the  range  of  a  few  picoseconds  will  be  presented. 

1 1 1  .S.  Ahrasli,  S.  Rcpiiicc,  and  R.M.  I  locli.ilfas.icr,  J.  Clicin.  Pliys.,  93,  104 1 ,  { t990) 

121  P.  llcLicI,  J.A,  Miclid  and  J.  Rucliidi,  Oicin.  Pliys,  Letters,  134, 379  (1987) 

1.31  A.  Mukliiari,  L.  Fiiil  and  1.  Cliesiiuy,  J.  aiein.  Pliys.,  87,  3429,  (1987) 

141  P.  Nc.ia,  M.  M.  Mailin  and  Y.  H.  Meyer.  Opt.  Commun.,  75,  294,  (IW) 

1.3)  N.U.  I  lull);,  Y.  II.  Meyer,  M.  M,  Marlin,  P.  Nesa,  *Ullrara.il  Mienuincna  in  S|)cclrosco|)y*,  Eds.G.  Klosc, 
D.  Willienii,  Sjiringcr  Proceedings  in  Physics  49,  S|>ringcr-Vcrliig,  1990  p.  33 
16]  M.M,  Martin,  P.  Pla/a,  Y.ll.  Meyer,  Clicni.Pliys.(l99l)  in  press 
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RELAXATION  CONKOUMATIONNKLLE  ULTUAUAIMDE  DES  COLORANTS 
SATURAliLES  ETUOIEE  MR  SRECTROSCOIME  RESOLUE  EN  TEMRS 


Monique  M.  MARTIN,  I'uscal  PLAZA. Nguyen  DAI  HUNG,  Yves  II.  MEYER 
Lnboratoire  dc  Plioiophysique  Molfculsu'rc  du  CNRS,  But  213, 

Universit6  Paris-Sud,  91405  ORSAY,  France, 

La  relaxation  confomtationneiie  phoioinduitc,  psir  exentplc  la  photoisoindrisation,  met  cn 
jeit  dcs  mouveincnis  molfculaircs  de  grande  amplitude  qui  pcuvcnl  Stre  ddiectds  pur 
spectroscopic  rdsolue  en  temps.  Au  cours  de  ccs  derniircs  nnndes  les  rdarrangcmcnis 
intramoldculaiies  out  fait  I'objct  d'uu  grand  nombre  d'diudes  expdrimcnialcs  it  Tdclielle  dcs 
pico*  et  fcmtosccondes,  duns  Ics  otdrincs,  les  polymdihdncs  et  les  triphdnylmdthuncs  (1-3  ct 
rdfdrenccs  inciuscs],  Les  colorants  appartenant  aux  families  des  polymdihdncs  et 
triphdnytmdthnncs  sont  des  absorbants  sattirubles  trds  utiliitds  cn  technologic  laser,  pour  le 
blocage  en  phase  des  motlcs  d'une  cavitd  ou  pour  ddcoupicr  Ics  umplincaietirs  des  systdmes 
lasers  It  impulsions  courtes  ct  plus  rdeemment,  pour  raccourcir  les  impulsions  lasers  par 
propagation  rdsonnunteea/raertt’/rd,  jus(|u*au  niveau  subpicosccondc  |4,S]. 

Duns  Ic  but  de  comprendre  Ics  processus  moidculaircs  responsubics  du  rctour 
d'ubsorption  ultrarapide  dcs  solutions  dc  triphdnylmdthancs  utilisdes  comme  absorbants 
saiuntblcs,  nous  avons  mesurd  les  spectres  d'absorption  transitoirc  et  dc  gain  dc  ccs  solutions, 
entre  320  ct  750  nm.  aprds  une  excitation  laser  subpicoseconde  16).  Nous  avons  nrantrd  qtie  les 
spectres  transitoires  observds  peuvent  (tre  ddcrits  comme  lu  superposition  de  spectres 
d'absorption  ct/ou  de  gain  dc  I'dtal  fondamentai,  du  premier  dtat  cxcitd  S  |  ct  d'un  dtnt  transitoire 
fugoce  mis  cn  jeu  dans  le  processus  de  relaxation  non  radiative  dc  I'diat  S  i .  Nous  avons  extrait 
de  cette  analyse  ics  spectres  dc  sections  efficiiccs  d'absorption  dc  i'dtat  S|  ct  dc  i'intennddiairc. 
Lc  spectre  dc  I'dtat  intcrmddiairc  cst  voisin  dc  cclui  de  .S|,  mnis  ddplucd  vers  Ics  huulcs 
frequences.  Nous  avons  attribud  cct  intcrmddiairc  it  un  conformdre  non  fluorescent  dc  I'dtut 
cxcitd. 

Duns  Ic  but  dc  curuetdriscr  le  changement  dc  gdomdtric  dc  I'dtut  cxcitd,  nous  avons 
entrepris  dcs  mcsiircs  d'ani.soiropic.  Les  cxpdricnccs  pompe-sonde  rdsolucs  en  temps  cn 
lumidre  polarisdc  (cn  fixant  Ics  directions  dc  polarisation  dcs  fuisccaux  pompc  ct  sonde, 
ortliognitules  uu  paralldlcs),  |u:rmcltcnt  dc  suivre  Ic  changement  dc  direction  dti  moment 
dipoluirc  dc  transition  d'ub.sorption  dc  I'dtat  cxcitd  accompugnant  Ic  changement  dc  gdontdtric. 
Nous  prdscntcrons  ics  rdsultats  obiciuis  dans  I'dtudc  dc  i'uitisotropic  It  I'dchcllc  tic  qucl(|ucs 
picosecondcs. 

Ill  S.  AI>rash,S.  Replace, anti  K.M.  llocluilrasscr,  J.CIiciii.  rhys.,93.  lO-tl.CIOPO) 

121  r.  llci.U'1.  LA.  Miclid  uikI  },  Riicliitli,  Oicin.  Iltys.  Lcllcrs,  134,  379  (I9K7) 

131  A.  MoklUiifi.  t.  Pint  and  J.  Clicsnoy,  J.  Chew.  Pliys.,  117.  3429.  (I9«7) 

141  F.  Nc.w.  M.  M.  Martin  itntl  Y.  II.  Muyet,  0|a.  CtNtimun..  75,  294,  (1990) 

IS)  N.D.  Hung,  Y.  II,  Meyer,  M.  M.  M.artin, F. Nesa,  *11110113.11 1’licnoincna  in  ,S|x:clnvicupy*,  Utls.li.  Klusc, 
D.  Willicini,  ,S|N’inger  1’nKcctlinK.i  in  Pliy!tics49,  Springer- Verlag,  1990  p,  33 
161  M.M.  Mruiiii,  F.  I’lawi.  Y,II.  Meyer,  C3H;in.Pliy*.(J99l)  in  |)rcs» 


ETUDKS  PAR  SPECTROSCOPIE  LASER  ULTRARAPIDR  DU 
TRANSKERT  DE  CHARGE  iNTRAMOLECULAIRE  ET  DE 
L'lSOMERISATION  TRANS-CIS.  LE  ROLE  DU  SOLVANT. 

J.  C.  Mialocq  ,  S.  Marguct ,  Ph.  Hdbcrt ,  T.  Gustavsson  ,  X.  Arinand 
CEA/  CE  Saclay  ,  DSM  ,  DRECAM /SCM  /  URA33I  CNRS  et 
DRECAM  /  SPAM.  F-91 191  Gif-sur-Yvcllc  Ccdcx  (France) 


Lcs  inoldculcii  de  colorant  possddant  un  groupc  donneur  ct  un 
groupe  accepteur  d'^lectron  rclids  par  un  pont  insaturd  prdsentent  un 
faiblc  rccouvrcinent  entre  lour  spectres  d'absorption  et  de  fluorescence. 
Certaines  ont  d'cxcciicntcs  propridtds  laser:  large  accordabilitd,  fort  taux 
de  conversion,  et  faible  seuil  de  poinpage.  Le  composd  DCM  (  4- 
(dicyanoindthyldnc)-2-mdthyl-6-[p-(dimdthylamino)styryl)-41i-pyrane  cst 
un  colorant  laser  styrdnique  largement  utilisd.  Cependant,  des  coinposds 
organiques  connus  conime  rotors  moldculaires,  bicn  que  prdsentant  des 
structures  chiniiqucs  et  des  spectres  d'absorption  et  de  fluorescence 
similaires,  ont  dc  inauvaiscs  propridtds  laser.  Nous  prdsentons  dans  ce 
papier  une  dtude  des  propridtds  photophysiques  et  photochimiques  du 
DCM  cn  tant  que  moldculc  moddle  pour  la  ddtermination  des 
caraetdristiques  dc  nouveaux  colorants  laser. 

Lcs  importantes  modifications  induites  par  le  .solvant  sur  les 
propridtds  spectralcs  ct  la  compdtition  entre  les  processus  radiatifs  ct 
non  radiatifs  (conversion  interne  S|->So,  trans-cis  isomdrisalion)  ont  dtd 
dtudidcs  H  I'aidc  dc  spectroscopies  lasers  nanoseconde  ct  picoscconde. 
Nous  avons  ddtermind  quantativement  I'efficacitd  des  diffdrents 
processus  dc  ddsactivation  du  premier  dtat  singulet  cxcitd.  Lcs 
renduments  quuntiques  absolus  dc  photoisomdrisation  du  DCM  ont  dtd 
obtenus  prccisdmcnt  au  moyen  d'un  actinomdtre  au  ferrioxalnte.  Plus 
que  la  vi.scositd,  la  polaritd  du  solvant  scmble  dtre  un  factcur 
ddterminant.  La  photoisomdrisation  cst  limitdc  dans  lcs  solvents  trds 
polaircs  (mdthanol,  aedtonitrile,  dimdthylsulfoxide,  formamide, 
mdtliylformamide,  dimdthylformamidc,...)  mais  trds  efficacc  dans  lcs 
solvants  faiblcmcnt  polaircs  (chloroforme,  dichloromdthane, 
tdtrahydrofurane,...).  Nous  commcntcrons  plusicurs  moddlcs  possibles  de 
ddsactivation  non  radiative  du  premier  dtat  singulet  excitd. 


11-31 


ULTRAFAST  LASER  SPECTROSCOPY  STUDIES  OF  PItOTOXNDUCEO 
INTRAMOLECULAR  CItAROE  TRANSFER  AND  TRANS-CIS  ISOMERIZATION. 
THE  ROLE  OF  THE  SOLVENT. 

J.  C.  Mlalocq,  S.  Marguet,  Ph.  Hubert,  T.  Gustavsaon,  X.  Armand 

CEA/CE  saclay,  DSM,  ORECAM/SCM/URA33I  CNRS  and  DRECAM/SPAM 
F-91191  Glf-sur-Yvatte  Codox  (France) 


Dye  molecules  based  on  donor-aocaptor  chromogens 
constituted  o£  a^  electron  donor  group  and  an  electron  acceptor 
group  linked  by  an  unsaturated  bridge  are  remarkable  as  regards 
the  weak  overlap  between  the  absorption  and  fluorescence 
spectra.  Some  of  them  present  excellent  laser  properties:  broad 
tunablllty,  high  conversion  efficiency  and  low  pumping 
threshold.  The  compound  DCM  or  4-(dlcyanomethylene)-2-methyl- 
6-[p-(dlmethylamlno)styryl}-4H-pyran  Is  a  widely  used  styrene 
laser  dye.  However,  organic  compounds  known  as  molecular 
rotors,  although  presenting  similar  chemical  structures, 
absorption  and  fluorescence  spectra,  have  poor  fluorescing  and 
lasing  properties.  The  present  paper  Is  devoted  to  an  extensive 
study  of  the  photophysical  and  photochemical  properties  of  DCM, 
as  a  model  molecule  In  order  to  design  new  efficient  laser  dye 
molecules. 

The  dramatic  effect  of  the  solvent  on  the  spectral 
properties  and  the  competition  between  the  radletlve  and 
nonradlatlve  S^— *Sq  Internal  conversion  and  trans-cls 
Isomerization  processes  Is  examined  using  picosecond  and 
nanosecond  laser  spectroscopy.  The  various  paths  of  the 
deactivation  of  the  first  excited  singlet  state  are 
quantitatively  determined.  The  absolute  quantum  yields  of  DCM 
trans-cls  photolsomerlzatlon  have  been  measured  accurately  with 
respect  to  the  ferrloxalate  actlnometer.  Besides  viscosity,  the 
solvent  polarity  Is  shown  to  play  a  more  Important  role. 
Photolsomerlzatlon  Is  Inefficient  In  highly  polar  solvents 
(methanol,  acetonitrile,  dlmethylsulf oxide,  formamlde, 
methylforroamlde,  dlmethy'. formamlde, ... )  but  very  efficient  In 
low  polarity  solvents  (chloroform,  dlchloromethane, 
tetrahydrofuran, . . . ) .  Possible  models  for  the  non  radiative 
deactivation  of  the  first  singlet  excited  state  are  discussed. 
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Adiabatic  cis-tra»s  phutuisoiucrizations  of  some  bisstyryl 
compounds 

limiiud  AiittCf*.  Mikncl  Sutulalil*,  KjcU  Snttdios**,  Oiof  Wciutcislroni* 

The  traditionally  accepted  mechanism  of  Z*£  pholoisomerizations  of 
olefins  has  been  tire  diabalic  mccivunism:  in  tiie  excited  stale  the  most  stable 
gcomeUy  is  such  U»at  tlie  double  bond  is  twisted  90“,  From  this  geometry  llic 
excited  molecule  decays  to  tlic  ground  state  where  it  isomerizes  to  eidier  Z  or 
E  configuration*.  However,  Prof.  K.  Tokumaru  and  co-workers  have  found 
some  antracenyl  ethylenes  where  tiie  plar.e  geometry,  in  the  excited  triplet 
state,  is  more  stabilized  than  the  perpendicular  one.  This  means  that  these 
substances,  in  Uie  excited  stale,  isomerizes  according  to  an  adiabatic 
mechanism.The  adiabatic  mechanis.n  implies  that  the  entire  isomerization 
process  occurrs  on  tlie  excited  en  ergy  surface,  and  that  it  is  usually  one-way 
(usually  as  to  trans)^. 

As  a  consequence  of  die  adiabatic  isomerizaUon  process,  substances  widi 
more  dian  one  double  bond,  on  a  single  excitation,  might  show  Z-E 
photoisomerization  of  more  than  one  double  bond.  A  styryl  stilbene  (1), 
studied  by  K.  Sandros,  M.  Sundalil  et.  al.,  shows  adiabatic  Z-E  isomerization 
on  bodv  the  excited  singlet  and  triplet  excited  surfaces^*'*.  A  few  odter 
bisstyryi  compounds  (^,3,4)  have  been  studied  widi  respect  to  isomerization 
quantum  yields,  photostationary  states,  and  triplet  life-times,  detennined  with 
laser  flash  photolysis.  In  diis  series  of  bisstyryi  compounds  it  seems  that  the 
adiabatic  behaviour  of  die  Z-E  photoisomerization  becomes  increasingly 
pronounced  as  die  triplet  energy  of  die  central  aromatic  unit  drops. 


ZE  (1)  ZE  (2)  ZE  (3)  EE  (4) 


*Saltiel,  J.;  Cliuiton,  J.  L.  Reurrangcincnts  in  ground  and  excited  stales,  Vol  3,  ed, 
P.  dc  Mayo  (Academic  Press,  New  York,  1980). 

^Arai,  T.  et.  al.  Pure  Appl  Cliem.  60  (1988)  989  and  references  therein. 

^Sandros,  K.  ct.  al.  J,  Am.  Chem.  Soc.  112  (1990)  3082. 

^Sundalil,  M.  el.  al.  J.  PItys.  Chem.  94  (1990)  6731. 

*l>:patlmenl  of  Organic  Chemistry,  Chalmers  University  of  Technology,  s-412  96 
Odieborg  Sweden. 

♦♦Depiuimeni  of  Physical  Chemistry,  Chalmers  University  of  Technology,  s-4 12  96 
Goieborg  Sweden. 
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ETUDE  TIlEORigUE  DU  COLORANT  STYRENIQUE  DCM : 
EPFICACITE  DE  LA  PIIOTOISOMERISATION  ET  ETATS  TICT. 
UNE  ETUDE  CS-INDO  MRCI. 

S.  MAUGUrin’.  J.C.  M1AI.0CQ»  and  l>.  MILLIE 

CEA  CBSacluy,  DSM/  DIViCAM/  SI>AM  OttOl  C\f  •  sur -YucUc  Ccdcx  Ftwicc. 

*  SCM,  UKA  331  CNIIS. 

G.  BEimilER 

tnsUlul  de  Dlologte  PUystco-ClUmtqiic,  13  line  IHcrrc  el  Marie  Curie,  F-7S005  Paris, 

F.  MOMICCHIOLI 

DIparllinenlo  dl  Chlinica,  Unlvcrstta  dl  Modena,  Via  Cainyl  183,  41100  Modena,  llaly 

Dans  Ic  but  d'cxpllqucr  I'clTct  dc  la  polnrlld  du  solvant  sur 
I'crricacltd  dc  la  phalotsuni^rlitnllun  Irnns-cis  cl  la  structure 
dlcclroniquc  dcs  dials  cxcilds  du  colorant  laser  DCM,  dcs  calculs  dc 
chimic  quanllquc  MRCI  (Multi.  References.  Configuration, 
Interaction]  ont  did  cffeclucs  dans  Ic  cadre  dcs  approximations 
INDO.  Nous  prdscnlcrons  ainsi,  Ics  courbes  d'dncrgic  polcnlicllc.  Ics 
moments  dlpolaircs  ct  la  rcpnrllllon  dcs  charges  dlcclronlqucs 
correspondant  d  I'dtat  fondamcntal  cl  aux  premiers  dtats  excitds 
singulcts  ct  triplets  du  DCM.  oblcnus  lorsquc  Ton  fall  lourncr  la 
moldculc  autour  dc  la  double  liaison  ccnlrnlc  ct  dc  la  liaison  simple 
entre  Ic  groupc  dimclhylamino*  ct  Ic  noyau  benzdnique.  Nous  avons 
cgalcmcnt  envisagd  Ics  rotations  autour  dcs  trots  simples  liaisons 
pouvant  conduirc  &  In  formation  d'ctals  TICT  (Twisted 
Intramolecular  Charge  Transfer).  La  nidthodc  a  did  tcslde  sur  unc 
moldculc  modcic  Ic  DMA13N  d  parlir  dc  laqucllc  nous  commcntcrons 
la  validlld  dcs  dilTdrcnls  moddics  dc  solvatnlion  utlllsds. 

La  courbe  du  premier  dial  excite  singulct  du  DCM,  prdscnlc 
line  fnibic  barricrc  d'dncrgic  polcnlicllc  u  I'isomcrlsallon  Irans-eis, 
qui  n'est  pas  alTcclcc  par  la  polarilc  du  solvant.  Lc  scul  dial  cxctld 
singulct  prdscnlanl  un  large  caraetdre  dc  Irnnsfcrl  dc  charge  cst 
I'dtat  S2  dans  unc  conformation  ou  Ic  groupc  dlmclhylamino  cst 
pcrpcndiculalrc  au  noyau  benzdnique.  La  proposition  d'unc 
ddsaclivalion  dicctroniquc  dc  I'lsomcrc  Irnns  dans  I'dlal  localcmcnl 
cxcild  par  formation  d'un  dial  TICT  sera  commcntcc  cn  tenant 
complc  dcs  approximations  dc  ccllc  approchc  Ihdoriquc. 
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THEORETICAL  STUDY  OF  THE  DCM  STYRENE  DYE  : 
PHOTOISOMERIZATION  EFFICIENCY  AND  TICT  STATE. 

A  CS-INDO  MRCI  STUDY. 

S.  MARGUET.  J.C.  MIALOCQ*  and  P.  MILLIE 

CEA  CBSaclay.DSM/ DRECAM/ SPAM  91191  C(f- stir -YpcUe  Cctlex  France. 

*  SCM  URA  331  CNRS. 

G.  DERTHIER 

InaUlul  de  Dtologtc  PliysIco-CliOnUiue.  13  Rue  Pierre  cl  Marie  Curie,  F'75005  Parts, 

F.  MOMlCCIilOVI 

DiparllmetUo  dl  Chlnilca,  Unluersila  dl  Modena,  Via  Cainpl  183,  41100  Modena,  Italy 

The  solvcnt'lnduced  changes  upon  the  tranS'Cls  isomerization 
cfilclency  and  electronic  structure  of  the  excited  states  of  the  DCM 
styrene  dye  (4-(dtcyanomethylene)-2'methyl-6-[p-(dlmethylamlno) 
styryl]<4H-pyran)  ,  have  been  considered  by  means  of  CS  INDO  MRCI 
calculations  (Conformations.  Spectra.  Intermediate.  Neglect  of 
Differential.  Overlap.  Multi.  References.  Conflguraflon.  Interaction). 
Potential  energy  curves,  dipole  moments  and  atomic  charge 
densities  as  a  function  of  two  internal  coordinates,  namely,  the 
rotation  angle  about  the  central  "double"  bond  and  the  twisting  of  the 
dlnietliylamino  group,  have  been  obtained  for.  the  ground  state  and 
the  lowest  excited  states.  Structural  requirements  for  Uie  existence 
of  ICT  (Intramolecular  Charge  Transfer)  excited  states  has  been 
investigated  by  considering  internal  rotations  about  three  single 
bonds.  The  reliability  of  the  potential  energy  surfaces  and  of  the 
solvation  models  has  been  discussed  from  test-calculations  on  the 
DMABN  molecule. 

In  Uic  first  excited  singlet  state  of  DCM,  tlic  low  energy  barrier 
to  the  trans-cis  isomerization,  has  been  found  unaffected  by  the 
solvent  polarity.  The  only  singlet  excited  state,  presenting  a  large 
ICT  character,  has  been  found  to  be  the  S2  state  for  a 
perpendicularly  twisted  conformation  of  the  dlmcthylamino  group 
(Tier  state).  Tlic  assumption  of  a  deactivation  of  the  trans-isomer  in 
the  locally  excited  state,  tlirough  the  TlCTf  funnel  has  been  largely 
discussed  with  reference  to  the  simplifications  of  the  present 
theoretical  approach. 
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HYDROGEN  TUNNEL  EFFECTS  IN  THE 
METASTAULE  TRIPLET  STATES  OP 
2-(2'-nYDROXYPIIENYL)BENZOXAZOLE  AND 
2-(2'-IlYDROXY-4'-METIIYLPIIENYL)UENZOXAZOLE 

Wikjili  Al-Soiifi  ■  Kiirl  II.'  GrellmAtin  and  Dernltiird  Nickel 

Max-Planck-liutitut  fUr  Diophytikaliiclie  Cheniie,  Abteilung  Speklroikopio, 

Am  Puiberg,  0-3400  OOttingen,  Germany 

2-(2'-liydroxypkenyl)bentoxasoIa  (IIBO)  and  2-(2'-liydraxy-4'-motliylpbeuyl}beiiioxaiolo 
(MHBO)  can  exiit  in  two  tautomeric  forint,  the  eiioLtautomer  E,  and  the  keto-tautonier  K. 


RsH;  IIBO  E  K 

R  s  CII3  :  MHBO  E,.  K„ 


Plath  exitatiou  of  IIBO  leadi  to  llte  exclusive  formation  of  the  keto  triplet  state  within 
a  few  nanoseconds.  This  state  then  rearranges  to  the  enol  triplet  state  *E*,  whereby  an  equi* 

librium  ^K*  ~  ^E*  it  established  within  microseconds.  During  this  equilibration  a  hydrogen 

*** 

atom  migrates  between  the  N-  and  the  O-atom  of  IIBO. 

The  temperature  dependence  of  the  rate  constants  kk,  and  k,i,  is  soleley  determined  by  hydro* 
gen  tunnel  elfects.  Replacement  of  the  niigratiiig  hydrogen  by  deuterium  (DBO)  reduces  the 
equilibration  rate  by  a  factor  of  1000,  i.e.  due  to  this  isotope  effect  the  equilibrium  between 
the  two  triplet  states  of  DBO  is  established  within  milliseconds.  Below  rsTO  K  the  equilibration 
reaction  of  HBO  and  DBO  becomes  temperature  independent. 

Since  the  observed  lifetimes  have  values  which  can  easily  be  determined  experimentally,  the 
couple  IIBO  and  DBO  is  the  first  example  where  rate  constans  of  hydrogen  tunneling  could  be 
determined  fur  both  isotopomers  between  30  K  and  250  K  in  a  variety  of  alkane  solvents  with 
drastically  different  viscosities.  This  made  it  possible  to  explore  the  important  question  how 
solvent  friction  influences  hydrogen  tunnel  effects.  i 

f 

After  introduction  of  a  methyl  group  in  4'-position  of  HBO,  the  two  triplet  states  and 
are  no  longer  isoenergetic,  with  the  result  that  the  equibbrium  is  shifted  towards  ^E^, 
because  lies  »300cm''’  above  ’EJ|,..  The  influence  of  this  shift  on  the  hydrogen  tunnel 
effects  has  been  investigated  at  different  temperatures  between  30  K  and  250 IC  and  the  results  I 

are  compared  with  those  obtained  with  the  unsubstiluted  compound  IIBO.,  I 
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The  OxcDuiiii  loti,  an  Intennediate  rorincd  by 
i’rulonatiun  of  Aromatic  Ketones  in  the  Triplet  Stale  ? 

1*.  SCIU1  and  J.  Wire 

Instllut  fiir  I’liyslkaiischc  Chetnie  dcr  UniversitUt  Uuscl 
Klingeibergstrasse  80,  Cl  1-4056  Basel  (Switzcriund) 

Allhougli  llie  photochemistry  of  aromatic  ketones  has  been  studied 
extensively,  little  is  known  about  the  reactivity  of  their  excited  states  in 
water.(^2)  Protons  qucncii  nn*  triplcts,(2)  but  it  is  not  known  wliat  tlic  nature 
of  tlie  quenciiing  is.  To  address  this  question  we  have  .studied  acetophenone  and 
related  aromatic  ketones. 

Upon  piiotolysii  of  acetophenone  with  an  cxcimcr  laser  or  a  conventional 
flasli  lamp,  a  long-lived  intermediate  1  witli  absorption  maximum  at  280  nm  is 
formed  in  acidic  aqueous  solution.  Tiic  lifetime  of  I,  x»0.S  s,  at  room 
temperature  docs  not  depend  on  oxygen  or  proton  concentration.  Stcrn-Volmcr 
analysis  sliows  tltat  the  intermediate  1  is  a  product  of  the  protonation  of  the 
triplet.  For  acetophenone  this  intermediate  1  is  formed  within  the  20  ns  laser 
pulse,  but  for  benzophenone  a  new  intennediate  11  leading  to  I  is  fomicd  with 
the  same  rate  as  tiic  decay  of  the  triplet,  lire  lifetime  of  II  is  SO  ns  and  docs  not 
depend  on  the  proton  concentration. 

No  stable  products  arc  formed  under  conditions  where  the  intermediates  1 
and  11  arc  detected.  Also,  no  I  I/D  exchange  in  the  phenyl  ring  is  found. 

11ie  scheme  rcpre.scnts  our  current  working  hypothesis  to  explain  tiic 
ob.scrvations.  Suggestions  for  critical  experimental  tests  or  alternative 
Itypoilicscs  arc  welcome. 

>)cliging 


I 


(1)  J.  F.  Ireland,  P.  A.  II.  Wyatt,  J.C.S.  Faraday  I,  1973,  69,  161 

(2)  M.  B.  Ledger,  G.  Porter,  J.C,S.  Faraday  I,  1972,  68,  539 
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PHOTOLYSIS  OF  MATRIX-ISOLATED  NH« : 

MODEL-ASSISTED  IDENTIFICATION  OF  TRAPPING  SITES 
IN  ELECTRONIC  SPECTRA  OF  THE  PRODUCTS 

Ulrich  Schurath,  Carsten  Blindauer  and  Martin  Winter 
Institut  fQr  Physlkalischs  Chemie,  Wegelerstr.  12,  D-53  Bonn  1 

It  haa  been  generally  assumed  in  the  literature  that  doping  of 
rare  gas  matrices  with  ammonia  yields  NHs  on  single  substitu¬ 
tional  sites  in  an  fee  environment.  In  situ  photolysis  of 
matrix-isolated  NKi  in  the  VUV  yields  NHt  and  NH.  While  the 
visible  absorption  spectrum  of  NHt  in  Ar,  Kr,  and  Xe  exhibits 
only  one  site,  two  sites  are  resolved  in  approximately  equal 
proportions  in  Ne,  separated  by  about  50  cm~*  ,  We  have  recently 
shown‘ ,  by  analysing  a  substructure  superimposed  on  each  rota¬ 
tional  line  of  the  forbidden  a* A  <->  X> X*  transition  that  NH 
actually  occupies  two  nearly  degenerate  sites  in  Ar,  Kr,  and 
Xe,  in  approximately  equal  proportions.  We  assign  these  to  NH 
in  single  substitutional  sites  in  fee  and  hep  environments. 
Site-selective  detection  on  the  spectrally  resolved  substruc¬ 
ture  components  of  the  a‘ A  ->  X’ X*  rotational  lines  has  enabled 
us  to  resolve  excitation  spectra  of  either  site  on  the  A* n  <- 
X’ X‘  transition,  but  not  on  the  c* n  <-  a* A  transition,  which 
was  studied  in  a  two  laser  experiment.  Local  modes  can  be 
observed  in  the  phonon  sidebands  of  the  gas  phase  forbidden 
b*  X'  ->  a'  A  transition,  which  is  vibronically  induced  by  the 
matrix.  Comparison  of  the  local  mode  frequency  in  argon  with 
model  calculations  strongly  supports  the  assignment  to  a  single 
substitutional  site.  The  calculations  confirm  the  degeneracy  of 
the  sites  in  fee  and  hep,  and  predict  local  modes  of  conside¬ 
rably  hig‘.  er  frequency  on  interstitial  sites.  A  careful  search 
of  the  a' A  <->  X’  X'  spectrum,  while  exciting  different  portions 
of  the  A’ n  <-  X’ X‘  transition  region,  confirms  the  existence  of 
another  non-rotating  NH  with  local  modes  in  the  expected  fre¬ 
quency  range,  which  is  tentatively  assinged  to  interstitial  NH. 


•C.  Blindauer  et  al.,  Chem.  Phys.  150  (1991)  93-108 
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Generation  and  Transformation  of  Excited 
Hydroxydiphenylmeth;'!  Radieals  in  the 
Benzophenone-Ethanol  System 


Rolf  Schulte  Ocstrich.  Woldemar  Adam 

Institute  of  Organic  Chemistry.  University  of  Wiirzburg,  Am  Ilublond, 
D-8700  Wiirzburg,  Germany 


The  chemistry  of  the  hydroxydlphcnylmcthylradlcal  1  in  ethanol  was 
examined.  Radical  1  was  prepared  by  hydrogen  abstraction  of  triplet 
benzophenone  from  ethanol.  At  low  photon  Intensities  (lamp),  radical  1 
combines  with  a  solvent-derived  radical  to  form  plnacol  2  or  It  dimerizes 
to  benzplnacol  (4).  At  high  photon  densities  (laser  Jet)  excitation  of 
radical  1  yields  much  higher  amounts  of  tire  substituted  benzophenone  3 
and  bcnzhydrol  (S). 
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Formation  of  2  is  rationalized  by  combination  of  radical  1  witli  an  ethanol 
derived  radical  and  subsequent  in  situ  oxidation.  The  intensity  dependent 
formation  of  bcnzhydrol  speaks  for  the  ability  of  the  excited  radical  1  *  to 
abstract  hydrogen  from  ethanol,  a  hitlicrto  unknown  reactivity  of  this 
cxc  .Lcd  radical  species. 
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THE  PHOTOCHEMISTRY  OF  SOME  2-HALO-1,3-DlENES 

Erik  S.  Kriinen  and  Gerrit  Lodder 
Leiden  University,  Department  of  Organic  Chemistry 
P.O.  Box  9502,  NL-2300  RA  Leiden,  The  Netherlands 

Irradiation  ol  vinyl  halides  in  solution  affords  both  products  derived 
from  vinyl  radical-  and  from  vinyl  cation-intermediates  The  mechanism  of 
formation  of  these  intermediates  is  still  a  subject  of  discussion.  Homolytic 

I 

bond  cleavage  of  the  carbon-halogen  bond  and  subsequent  electron  transfer 
as  vtrell  as  direct  -homolysis  and  heterolysis  have  been  suggested'*. 

In  order  to  get  more  insight  in  the  mechanism  and  as  part  of  our 
quantitative  study  ol  structure-photoreaclivity  relations  in  vinyl  halide  photo¬ 
chemistry  we  have  studied  a  series  of  p-halo,-p-(metliyt-subslituled)  elhenyl- 
styrene  systems  such  as  I,  II  and  111  (  X  -  Cl,  Br ). 


Quite  efficient  dehalogenation  (from  S,)  and  formation  of  (i.a.  allylic 
rearranged)  ionic  products  are  observed.  No  radical  products  were  delected. 

'*  See  o.g.: 

Kropp,  P.J.,  McNeoly,  S.A.,  Davis.  R.D.,  J.  Am.,  Cheni.  Soc.,  105,  6907 
(1983). 

Kitamura,  T.,  Kobayashi,  S.,  Taniguchi,  H.,  J,  Am.  Chem.  Soc.,  100,  2641 
(1906). 

Van  Ginkel,  F.I.M.,  Cornolisse,  J.,  Lodder,  G..  J.  Am.  Chom.  Soc.,  113. 
(1991)  in  press. 
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CIDNP  and  CIOEP  Studies  on  Intramolecular  Hydrogen 
Abcttractlon  Reaction  o£  Polymethylene  linked 
xanthone  and  xanthene. 

Kimlnori  Maeda,  Naotoshi  Suzuki,  Qing-Xiang  Meng,  Kouei  Suzuki, 
Hasahide  Terazina*'^,  Tohru  Azumi. 

Department  of  C/ieiiiistry,  Faculty  of  Science,  Tohoku  University, 
Sendai  900,  Japan. 

Yoshifumi  Tanimoto 

Department  of  Chemistry,  Faculty  of  Science,  Hiroshima  University, 
Hiroshima  730,  Japan. 

Intramolecular  hydrogen  abstraction  reaction  of  a  polymethylene 
linked  xanthone  and  xanthene  is  investigated  by  using  chemically 
induced  dynamic  nuclear  and  electron  polarization  (CIDNP  and  CIDEP) 
methods.  The  reaction  scheme  is  determined  from  the  CIDNP  and  CIDEP 
spectra  of  unlinked  xanthone  and  xanthene  system.  The  exchange 
integral  J  between  the  two  terminal  radicals  of  the  polymethylene 
linked  system  is  obtained  from  both  of  the  simulation  of  the  radical 
pair  CIOEP  spectrum  and  the  magnetic  field  effect  of  the  low  field 
CIDNP  respectively. 

In  the  simulation  process  of  the  CIDEP,  we  used  the  spin 
correlated  CIDEP  theory  modified  with  (a)  the  fast  population 
relaxation  between  the  central  S-Tq  mixed  state*^  (b)  the 
contribution  from  the  triplet  mechanism,  and  (c)hyperfine  line 
dependent  line  width^).  The  J  values  obtained  from  this  method 
depend  on  the  polymethylene  chain  length  and  the  tempe''ature .  The 
magnetic  field  effect  of  the  CIDNP  is  simulated  by  the  stochastic 
Liouville  method,  and  the  effective  J  value  is  obtained  from  the 
peak  position  of  the  magnetic  field  effect.  The  tendency  of  the 
chain  length  and  the  temperature  dependence  of  the  effective  J 
values  is  same  as  the  results  of  CIDEP.  But  the  quantitative  value 
is  larger  than  that  of  the  CIDEP.  We  conclude  that  the  isomers  of 
the  biradlcals  which  have  shorter  interradical  distance  can  be 
measured  by  the  CIDNP  metliod  titan  tltat  of  CIDEP. 

Present  address:  Department  of  Chemistry  Faculty  of  Science, 

Kyoto  University,  Kyoto  ,  Japan. 

M.Terazima,  K. Maeda,  T. Azumi,  Y. Tanimoto,  N.Okada,  M.ltoh,  Chem. 
Phys.  Lett.  1989,  164,  562. 

K. Maeda,  M.Terazima,  T. Azumi,  Y. Tanimoto,  J.  Phys.  Chem. 

1991,  95,  197. 


SPECTROSCOPIE  LASER  DE  PHOTOAMORCEURS  SOUFRES  : 
LES  COMPOSES  S-PHENYL  THIOBENZOATES 

F.  MORLET-SAVARY.  J.P.  FOUASSIER,  D.  RUHLMANN 

Laboratoire  de  Photochimie  G4n4rale,  Ecole  Nationale  Sup6rieure  de  Chimie  de 
Mulhouse,  3  me  A.  Werner  60093  Mulhouse  Cedex  (France) 

H.  TOMIOKA 

Department  of  Industrial  Chemistry,  Faculty  of  Engineering, 

Mie  University,  TSU  MIE  514  (Japan) 

Y,TAKIMOTO 

Technical  centre,  Nippon  Paint  Co.,  Ltd.,  Neyagawa,  Osaka  572  (Japan) 


Le  photoamorgage  d'un  processus  de  photopolymdrisation  radicalaire  depend 
de  I'edicacitd  du  photoamorceur..  Da  nombreux  photoamorceurs  efiicaces  existent, 
mals  on  recherche  de  nouveaux  composes  possSdant  &  la  fois  une  meilleure 
photosensibilltS  et  une  plus  grande  r^activitd..  Les  composes  S>ph6nyl 
thiobenzoates  de  part  la  faiblesse  de  la  liaison  C-S  g^n^rent  facilement  des 
radicaux  benzoyls.  Nous  avons  montrd  que  les  radicaux  benzoyl  et  thiyi  ^talent' 
formas  par  coupure  de  la  liaison  C-S  dans  le  premier  6tat  excite  triplet  [1]. 

Les  experiences  de  spectroscopie  laser  resc'ue  dans  le  temps  nous  ont  permis 
de  metire  en  evidence  le  radical  benzoyl  ainsi  que  d'etudier  la  desactivation  de 
retat  triplet.  L'etude  de  la  photopolymerisation  amorcee  par  les  composes  S-phenyl 
thiobenzoates  a  montre  que  le  rendement  est  directement  lie  A  I'efflcacite  du 
photoamorceur.  Ces  experiences  nous  amenent  e  concture  que  certains  de  ces 
composes  peuvent  etre  plus  efficaces  que  los  composes  de  type  benzoTne  ether. 
Ceci  est  vraisomblablement  lie  e  une  meilleure  absorption  de  la  lumiere..  Les 
radicaux  benzoyl  et  thiyi  agissont  rospoclivoment  dans  reiape  d’amorgage  et  de 
terminaison. 


References ; 

[1]  U.  Tomioka,  Y.  Takimoto,  M.  Kawabata,  M.  I  larada,  J.P.,  Fouassier  and  D. 
Ruhimann,  J.  Photochem.  Photobiol.  A  ,:Chem.,52.  359,  (1990). 


i 


LASER  FLASH  PHOTOLYSIS  AND  THE  PHOTOPOLVMERIZA'nON  STUDY 
ON  SULPHUR  CONTAINING  PHOTOINITIATOUS:  S-PHENYL 
THIOUENZOATE. 


F.  MORLOrr-SAVARY,  J.P.  FOUASSIER.  D.  RUHLMANN 

Luboralolrc  dc  Pholochliiilc  Gcneralc,  Ecolc  Nallonalc 
Supcricurc  dc  Chlnilc, 

3.  rue  Alfred  Werner.  G8093  MULHOUSE  Cedex  (France). 
II.  TOMIOIOV 


Department  of  Industrial  Chcmistiy,  Faculty  of  Engineering, 

Mlc  University,  TSU  MIE  514  (Japan).: 

Y.  TAIGMOTO 

Technical  Centre,  Nippon  Paint  Co,.  Ltd.,  Ncyagawa,  Osaka  572  (Japan) 

The  photolnltlatlon  of  radical  chain  polymerization  depends  on  the 
efficiency  of  the  photolnltlator.  Many  efficients  photolnltlators  are 
available,  but  Improved  systems  which  exhibit  faster  curing  speed  and 
better  photosensitivity  arc  required.  S-phcnyl  thiobenzoate  compounds 
can  easily  generate  benzoyl  radicals  due  to  the  weak  C-S  bound.  We  show 
that  both  benzoyl  and  thlyl  radicals  arise  from  the  a  cleavage  of  the  C-S 
bound  In  the  first  excited  triplet  state.  (1) 

Laser  flash  photolysis  experiment  allow  us  to  observe  benzoyl  radical 
and  to  study  the  deactivation  of  the  triplet  state.  The  yield  of  polymer  from 
the  photopolymerization  Initiate  by  S-phenyl  thiobenzoate  Is  directly 
related  to  the  photolnltlator  reactivity.  These  experiments  lead  us  to 
conclude  that  these  photolnltlators  are  more  reactive  than  benzoin  ethers. 
The  benzoyl  and  thlyl  radicals  act  as  Initiator  and  terminator  agents. 


/!/  H.  Tomloka,  Y.  Taklmoto,  M.  Kawabala,  M.  Harada,  J.P.  Fouassler  and 
D.  Ruhlman,  J.  Photochem,  Pholoblol.  A:  Chem  Si  (1990)  359. 
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DifTusional  Kinetics  of  Dimolccuiar  Photorcactioos  on  Solid  Surfaces 
D.  Oelkrug.  M.  Drun,  M.  Gregor.  S.  Reich 

Institut  fUr  Physikalische  und  Tlieoretischc  Chcmic  dcr  Universittit, 
D-7400  Tubingen,  Federal  Republic  of  Germany 


Oimolecular  chemical  reactions  on  solid  surfaces  require  some  mo¬ 
bility  of  the  adsorbed  species.  In  the  following,  the  kinetics  of  dif¬ 
fusion  controlled  deactivation  processes  T,  ♦  T,  -  Sj  ♦  Sq  and 
D*  +  e*  -  Sq  are  quantified  by  time-resolved  fluorescence  and 
transient  absorption  spectroscopy  after  pulsed  laser  excitation.  The 
first  type  of  reaction  is  investigated  with  polycondensed  aromatic 
nitrogen  heterocycles,  the  second  one  with  phenylenevinylenes  and 
diphenylpolyenes,  all  adsorbed  on  aluminas  and  silicas  with  pore  si¬ 
zes  from  4-100  nm  and  very  different  hydroxyl  coverages.  De¬ 
pending  on  the  latter  parameters,  the  diffusional  rate  constants  of 
triplet -triplet  annihilation  and  radical  •  electron  recombination  vary 
by  several  orders  of  magnitude.  Both  reactions  are  thermally  acti¬ 
vated  with  diffusional  barriers  of  5-10  kcal  mol'*. 

The  decay  kinetics  was  analysed  in  detail  with  conventional  second 
order  and  geminate  first  order  rate  equations  in  limited  and  unli¬ 
mited  compartments,  and  with  the  fractal  approach.  The  first  me¬ 
thod  is  reliable  on  adsorbents  with  large  pore  diameters.  We  found 
diffusional  coefficients  depending  strongly  on  the  masses  and  steri- 
cal  requirements  of  the  adsorbates.  The  second  method  was  used 
with  a  spectral  dimension  of  ds>  4/3.  Then  this  method  is  quanti¬ 
tatively  applicable  to  adsorbates  with  very  small  pore  sizes,  where 
interporal  diffusion  is  necessary  for  bimolecular  collisions.  Since 
one  of  the  aims  of  the  fractal  approach  is  the  quantification  of 
'irregularity'  and  since  the  approach  can  be  successfully  applied  to 
our  results  of  interporal  diffusion  but  not  to  the  intraporal  ones, 
we  conclude  that  only  the  pore  distribution  in  the  oxides  is  irregu¬ 
lar,  whereas  the  pores  themselves  are  formed  by  regular,  smooth 
surfaces. 


CIDKP  GKNKUATKI)  IN  THE  Sj  AND  Tj  M0LECULI5S-UADICAI.  INTEUACTIONS 

Akio  Kawat  and  Ktnichi  Obi 

DopnrLmonl  of  ChomiaLry,  Tokyo  Inalllulo  of  Tcchnoloity, 
Ohflknyaina,  MogurokUt  Tokyo  152,  Japan 

IL  U;  well  known  limt  Iho  IowcbI  oxcllod  alnglot  (Sj)  or  tripinl 
(Tj)  stales  are  quenched  by  free  radicals.  Kinetic  studies  have 
been  done  about  those  phenomena  by  laser  flash  photolysis  and  the 
quenching  mechanisms  have  been  discussed  based  on  these  works.  Time 
resolved  ESIl  (TIl-ESIl)  is  useful  to  study  intormcdlnle  paramagnetic 
species,  but  few^'^^  works  wore  carried  out  on  quenching  mechanisms  by 
Tll-KSIl. 

Wo  applied  TR-ESIl  to  study  quenching  mechanism  and  found  out  the 
chemically  induced  dynamic  electron  polarisation  (CIDEP)  on  froc  radicals 
generated  through  the  Sj-  and  Tj  molcculcs-radical  Interactions.  The  rules 
of  the  CIDKP  gcncrution  are  summarised  as  follows, 

S|  molecule-radical  A  +  A/K,  Tj  molecule-radical  E  +  K/A, 
where  A  and  K  mean  total  microwave  absorption  and  emission,  respectively,  and 
K/A  means  emission  in  low  and  absorption  in  high  magnetic  fields.  Total 
absorptive  and  emissive  polarisations  are  explained  by  the  avoided  crossing  of 
|ll-Il/2>  and  |l)l/2>  Hlatn:i  of  triplet-radical  pair  through  the  xero-fleld- 
splitting  Interaction  of  triplet  moicculo.  The  hyporfino  dependent 
polarisation  is  Interpreted  by  the  mixing  of  |(2±l/ll>nnd  |D±  l/2>  states  in 
the  region  of  non-scro  exchange  interaction  due  to  hyporfinc  interaction 
followed  by  the  exchange  interaction  by  the  rcencounter. 

1)  T.  Imumura,  0.  Onitsuka,  and  K.  Obi,  J.  Phya,  Chom.  00,  (57'11  (I08G). 

2)  C.  Illattler,  K.,  Jent,  an<l  II.  Paul,  Chem.  Phys.  I,ctt.  IGG,  .175  (1900). 
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PHOTOCHEMICAL  PRIMARY  PROCESSES  OF  POLY(ETHYLENE 
TEREPHTHALATE)  SOLID  POWDERS:  A  DIFFUSE  REFLECTANCE 
LASER  PHOTOLYSIS  STUDY 

Norlmtia  Fuka^awi.  Katunorl  Yoshioka,  Hiroshi  Fukumura', 
Hiroshi  Masuhara*  and  Akira  Itaya 

Kyoto  Institute  o(  Teehnototy,  Matsugtsaki,  Kyoto  006  (Japan) 
'Osaka  University,  Suita,  Osaka  565  (Japan) 


Three  photo-excited  species  of  polyfethylene  terephihalate)  (PET)  solid 
powders  were  observed  with  diffuse  reflectance  laser  photolysis  and  their 
assisnment  was  discussed.- 

The  transient  absorption  spectra  are  shown  in  Fig.  1.  A  broad  peak 
around  430nm  was  quenched  by  oxygen  at  nearly  diffusion  controlled  rate, 
but  not  q  tenched  by  NiO.  As  NtO  Is  a  good  electron  acceptor,  an  anion 
radical  is  excluded  as  a  possible  intermediate.  Doping  PET  with  several 
molecules  of  known  triplet  energy,  we  performed  T-T  energy  transfer  exper¬ 


iments..  In  the  case  of  p-terphenyl-doped 
powders,  an  absorption  peak  at  -lEOnm  which 
is  assigned  to  the  triplet  of  p-terphenyl  was 
observed  instead  of  the  430nm  band  of  PET. 
These  results  indicate  that  the  latter  band  is 
due  to  the  triplet  state  of  PET  powders.-  From 
kinetical  studies,  we  found  that  the  transient 
absorption  around  430nm  consists  of  two 
components.  An  absorption  band  around  520nm 
was  observed  additionally  when  the  sample 
was  excited  with  303nm  pulse.  Examining 
various  possibilities,  the  band  was  assigned 
to  a  precursor  of  the  above  triplet  (430nm} 
species.  The  band  (around  520nm}  could  be 
assigned  to  the  triplet  state  of  PET  powders 
from  the  consideration  of  temporal  behavior.- 
These  primary  processes  will  be  dis- 
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cussed  in  terms  of  inhomogeneity  of  polymer 
structure. 


THE  GENERATION  OP  o.a  DlMEIlIYLDENZYL  CATION  IN  THE  PHOTOLYSIS 
OF2,3-DIMETHYL.2,3-DlPIIENYLnUTANE.  PROTONATION  INDUCED  SIDE-CHAIN 

FRAGMENTATION. 

Joiituiiin  L  Fiirii>*  and  Steen  Steenken 

Mnx-PIunck-Instilnl  flir  Sirohlenchemie,  Stirtstr.  34-36, 4330  MUIheim  (Gcmtany) 

The  pliotofnigmentation  of  2,3-diineihyl-2,3-diphenyIbutnne  was  studied  by  nanosecond 
248  nm  laser  flash  photolysis.  In  the  course  of  our  investigation,  we  observed  the  formation  of 
a,a-dimeihylbenzyl  radical  from  the  parent  molecule  in  deoxygenated  1,1,1-trifluoroethanol 
(TPE)  solutions  and  fot|nd  that  its  generation  requires  more  than  one  photon.  This  finding  is 
consistent  with  dte  formation  of  the  2,3-dimethyI-2,3-diphenyIbutyI  radical  cation  by  biphotonic 
ionization  followed  by  fragmentation  of  the  C2*C]  bond  to  yield  boih  a,a-dimeihylbenzyl  radical 
and  cation,  the  latter  being  too  short  lived  to  be  observed. 

When  the  polarity  of  the  solvent  was  decreased  by  going  to  dichloromethane,  only  the 
radical  was  observed.  This  time,  its  generation  is  monophotonic  which  is  consistent  with 
homolytic  photocleavage  of  the  central  C-C  bond. 

In  order  to  observe  the  expected  cation,  a  solvent  of  high  polarity  and  low  nucleophilicity 
is  required.  1,1, 1,3,3, 3-HexanuoroisopropanoI  (IIPIP)  fulfills  these  requirements^.  However,  in 
tliis  solvent  the  predominant  product,  from  the  248  nm  laser  excitation,  is  the  a,a-dimctliytbenzyl 
cation  while  the  corresponding  radical  is  not  observed.  To  explain  this  observation,  we  propose 
the  initial  generation  of  a  cyclohcxadienyl  typo  cation  by  pliotoprotonation  of  the  substrate.  This 
carbonium  ion  undergoes  hcterolytic  side-chain  cleavage  to  yield  the  a,a-dimethylbcnzyl  cation 
and  isociimene. 

I 


CH2CI2 

hv 


2  ©-(• 

•  :oK 


In  order  to  test  the  generality  of  this  novel  methotl  with  respect  to  generation  of  carbonium 
ions,  the  photochemistry  of  l,l-dinicthyI-2-phenyleihyI  alcohol  in  HPIP  was  studied.  Product 
analysis  after  254  nm  photolysis  revealed  the  fonnatioii  of  toluene  and  acetone  as  m.ijor  products, 
which  is  in  support  of  the  pliotoprotonation  mechanism. 


(1)  'lliis  work  is  part  of  the  Ph.D.  thesis  of  J.L.F.,  who  gratefully  acknowledges  financial  support 
from  the  Dcut.schcr  Akadcmi.schcr  Ausiauschdicnsi  (DAAD). 

(2)  K.A.  McClelland,  N.  Mathivanan,  .S.  Steenken,  J.  Am.  Chem.  Soc.,  1 12, 4857  (1990). 


SEPARATIONS  EN  OtAMP  NUL  DES  SOUS-NIVEAUX  DU  TRIPLET  FLUORESCENT 
DES  CARDENES  AROKATIQUES 

A.DesprAk,  V.LeJeuns  and  E.  Hlgirdlcyan 
Laboratolre  da  Photophyalqua  HolAculaIra  du  CNRS 
University  Ptris-Sud  -  ORSAY  (France) 

M.S.  PUT2 

Department  of  Chemistry,  The  Ohio  State  University  -  COLUHDUS  (USA) 

Les  carbAnes  aromatlques  tels  qua  le  dlbenzoeycloheptadlAnylldAne  (DBC) 
sent  des  IntermAdlalres  rAactlonnels  possAdant  deux  Alectrons  non  apparlAs 
locallsAs  sur  la  mAme  atoms  de  carbons.  Css  sspAcss  ss  foment  par  photolyss 
UV  "In  situ"  ds  conposAs  dlazotAs  sn  matrlcs  d'hexane-n  ou  heptans>n  A 
15-20  K.  Ils  sent  dAtectAs  par  Isur  fluorescence  triplet-triplet.  Les  Atudes 
de  RPe"’  ont  fflontrA  qua  la  triplet  fondamental  du  DBC  a  une  sAparatlon 
entre  sous-nlveaux  D  0.3932  cn~'. 

La  fluorescence  du  DBC  plAgA  en  metrics  A  15-20  )C  dAcrolt  sulvant  une 

lol  non  exponentlelle.'  Cecl  est  expllquA  par  une  Amission  A  partlr  de 

sous-nlvoaux  dlstlncts  de  T  ,  plus  raplde  qua  la  relaxation  spln-rAseau, 

•  (2) 

dans  nos  conditions  expArlmentales  .  En  prAsence  d'un  champ  magnAtlque,  la 
durAe  de  vie  t  de  la  composante  lente  du  dAclln  est  raccourcle.  En  sulvant 
la  mAme  dAmarche  que  pour  le  m-xylylAne,  nous  calculons  la  dApendance  ds 
t  en  fonctlon  d'un  champ  magnAtlque  faible  pour  dlffArentes  valeurs  du 

H 

paramAtre  D  A  I'Atat  excltA  T^  d'une  molAcule  supposAe  plane.  Pour  le  DBC, 
la  courbe  thAorlque  qul  traverse  au  mleux  les  points  expArlmentaux 
correspond  A  D  ■  (0.07  i  0.01)  cm**.  Pulsque  la  valeur  de  D  est 

essentlellement  contrAlAe  par  1' Interaction  spin-spin,  la  dAcrolssance  de  D 
entre  I'Atat  fondamental  T.  et  I'Atat  excltA  T  montre  que  les  deux 

Alectrons  non  apparlAs  locallsAs  sur  le  carbons  central  divalent  A  I'Atat 
T^,  tendent  A  se  dAlocallser  sur  les  noyaux  aromatlques  A  I'Atat  T^. 

Alors  que  les  sAparatlons  des  sous-nlveaux  triplets  des  carbAnes  A 
I'Atat  fondamental  sont  mcsurAes  par  RPC,  le  paramAtre  D  dans  un  Atat  excltA 
de  durAe  InfArleure  A  la  microseconds  se  trouve  attelnt  pour  la  premlAre 
fols,  grAce  A  rcffet  d'un  champ  magnAtlque  sur  les  dAcllns  de  fluorescence. 
RAfArences  ; 

(1)  I.  Morltanl,  S.I.,  Murahashl,  H.  »<shlno,  Y.  Yamamoto,  K.  Itoh  and 
N.  Mataga,  J.  Am.  Chora.  Soc,  89,  1259  (1967).- 

(2)  K.W..  Haider,  M.S..  Platz,  A..  DesprAs,  V.  Lejeune  and  E.  Hlgirdlcyan, 

J.  Pl^ys.  Chem,  BA,  142  (1990)., 

(3)  V.  Lejeune,  A.  DesprAs  and  E.,  Hlgirdlcyan,  J.  Phys.  Chem.  94,  8861 
(1990) 


ZERO-FIELO  SPLITTING  OF  THE  FIRST  EXCITED  TRIPLET  STATE  IN  AROMATIC 

CARBENES  ESTIMATED  FROM  MAGNETIC  EFFECTS  ON  FLUORESCENCE  DECAYS 

A.  DesprAs,  V,  Lejeune  and  E.  Mlgirdlcyan 
Laboratolrs  de  Photophyalqua  MolAculaire  du  CNRS 
UnIveraltA  Paris-Sud  -  ORSAY  (France) 

H.S.  PUtz 

Department  of  Chemistry.  The  Ohio  State  University.  -  COLUMBUS  (USA) 

Matrix-isolated  aromatic  carbonos  such  as  dibonzocycioheptadlenyiidene 
(DBC)  are  generated  ‘in  situ*  by  UV  photolysis  of  the  corresponding  diazo 
precursors  dispersed  in  n-hexane  or  n-heptane  at  lS-20  K.  They  are  detected 
by  their  triplet-triplet  fluorescence  spectra.  ESR  experiments***  indicate 
that  DBC  has  a  triplet  ground  state  T^  with  a  ZFS  parameter  D  ■  0.3932  cm~*. 

The  fluorescence  decay  of  DBC  in  n-hexane  or  n-heptane  at  15-20  K  is 
nonexponential  and  significantly  modified  in  the  presence  of  a  magnetic 
field.  As  the  field  increases  the  lifetime  of  the  slow  component 
decreases  drastically.  The  nonexponentiai  decay  is  attributed  to  the 
fluorescence  from  different  sublevels  of  the  emitting  triplet  T^  at  a  rate 
faster  than  the  spin-lattice  relaxation  between  the  different  sublevels***. 

As  for  m-xyiylene,  the  dependence  of  t  as  a  function  of  a  weak  magne- 

"  I3> 

tic  field  can  be  calculated  for  different  values  of  the  ZFS  parameter  D, 
assuming  a  planar  molecule.  For  DBC,  the  best  fit  between  the  calculated 
curve  and  the  experimental  points  corresponds  to  D  ■  (0.0710. 01 )cm**.  This 
shows  that  the  D  value  decreases  by  a  least  an  order  of  magnitude  by 
excitation  from  the  ground  triplet  state  T^  to  the  first  triplet  T^. Since 
the  D  value  is  mainly  controlled  by  spin-spin  interaction,  our  result 

suggests  that  the  unpaired  electrons  which  are  mainly  localized  on  the 
central  divalent  C  atom  in  the  T^  state,  become  largely  delocalized  on  the 
aromatic  rings  in  the  T^  state. 

Whereas  the  ZFS  parameter  0  is  currently  measured  by  ESR  for 

matrix-isolated  carbenes  in  the  ground  state  T^,  this  parameter  has  been 
determined,  for  the  first  time,  in  the  first  excited  triplet  T^  of  these 
species  by  using  the  above-described  method.. 

References  ; 

(1)  I.  Moritani,  S.  I.  Murahashi,  H.  Nlshlno,  Y.  Yamamoto,  K.  Itoh  and 

N.  Mataga,  J.  Am.  Chem.  Soc.  S2>  1259  (1967). 

(2)  K.W.  Haider,  M.S.  Platz,  A.  DesprAs,  V.  Lejeune  and  E.  Mlgirdlcyan, 

J.  Phys.  Chem.  2^,  142  (1990). 

(3)  V.  Lejeune,  A.  DesprAs  and  E.  Mlgirdlcyan,  J.  Phys.  Chem.  2^,  8861 
(1990). 


ETUDE  Sl'ECI’HOCimrriQUE  OK  LA  DEGIIADATION  UV 
DE  SYSl'EHES  i>IKnYK:liKOHiQUES 


G.  Palgayrac,  V.  Pinlenta,  G.  L6vy,  D.  Lavabrc,  J.  P.  Laplante’ 

and  J.C.  Micheau 


URA  470  University  P.  Sabatier  P-310G2  Toulouse 
*:  Dept  Chen.  Chen.  Eng.  RMC  Kingston  Ontario  K7K  SLO  (Canada) 

Le  photocliromisne  orange/bleu  du  dithizonate  de  norcure  a 
yty  ytudid  par  une  nouvelle  ndthode  spectrocinytique  qui  permet 
I'yvaluation  comply te  du  spectre  UV/Visible  de  I'isomyre  bleu 
thermiquement  instable'.  En  solution  dans  le  tytrachlorure  de 
carbone,  il  se  produit  une  photodycoloration  progressive. 
L'origine  de  cette  dygradation  provient  de  la  catalyse  du  retour 
thermique  bleu  *— — >  orange  par  des  produits  de  photodygradation. 
Parmi  ces  produits,  I'efCet  de  la  dithizona  libre  a  yty  ytudiy*. 
Aprys  repos  dans  I'obscurity,  I'effet  de  fatigue  a  tendance  a 
disparaitre  et  le  photochromlsme  est  rdcupdry.  Un  mycanisme  a  yty 
ytabli  et  les  paramytres  cinytiques  et  spectroscopiques  les  plus 
importants  ont  yty  dyterminys.  La  participation  d'un  conplexe 
nonodithizonate  de  nercure  est  proposye. 


D'un  autre  c6ty,  le  cas  du  TPID/CIICI,  (TPID  ■ 
triphenyllnidazolyle  dimyre)  illustre  un  systyne  expyrimental 
relativement  diffyrent  ( jaune  pSle/violet)  oO  la  dygradation 
augmente  myme  aprys  repos  &  I'obscurity.  L'origine  de  cette 
dygradation  fortement  accyiyrde  ryside  dans  un  mycanisme 
ryactionnel  peu  commun  qui  fait  du  systyne  TPIO/CHCl,  le  seul 
exenple  connu  oCt  un  tel  effet  non  linyaire  a  yty  nis  en 
yvidence*.  Une  boucle  nutocotalytique  apparait  lorsque  les 
radlcaux  triphenyllnidazolyle  (TPI  ),  qui  initialement  font  ycran 
et  empychent  la  photolyse  du  chloroforme,  commencent  &  ytre 
dycolorys  sous  1' Influence  des  ions  ir  produits  justenent  par  la 
photodycomposition  du  CHCl,.  Cette  boucle  est  responsoble  de  la 
forte  accyiyration  du  processus  de  dycoloration  sous  irradiation 
UV  en  continu. 


La  Figure  1  compare  les  cinytiques  de  photodygradation  des  deux 
systymes: 

a) -ralentissement  (dithizonate  de  mercure  /CCl,); 

b) -accyiyration  (TPID/CHCl,) , 

Ryfyrences: 

1) -H.  Rau  and  G.  Greiner,  EPA  Newsletters  41,  March  1991,  40-55. 

2) -A.B.  Goodwin  and  H.  Mottola,  Anal.Chem.  55,  329-34  (1983). 

3 ) -B.Dorderie,  D.Lavabre,  G.Levy,  J.C.  Micheau  and  J.P.  Laplante 
J.A.C.S.  112(11),  4105-9,  (1990). 
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SI‘KCl’KOKINIi'l'IC  IHVKSTtCATION  OP  TUB  UV  DBGtlAUATION 
OP  IMtOTOCIIUOHlC  SVSTBHS 

c.  Palgoyrnc,  v,  Pimienta,  G.  L^vy,  D.  Lavabro,  J.  P.  Laplante* 

and  J.c.  Michaau 

URA  470  (Inlveraltd  P.  Sabatier  F-31062  Toulouse 
*:  Dept  Chem.  Chen.  Eng.  RMC  Kingston  Ontario  K7K  5LO  (Canada) 

The  orange/blue  photochromisn  of  mercury  dithlzonate  has 
been  investigated  using  a  new  spectrokinetic  method'  allowing  the 
complete  evaluation  of  the  UV/Visible  spectrum  of  the  thermally 
unstable  blue  isomer.  In  carbon  tetrachloride  solution,  a  gradual 
photofading  occurs.  The  origin  of  this  decay  must  be  related  to 
the  catalysis  by  photodegradation  products  of  the  blue 
orange  thermal  return.  Among  these  photoproducts,  the  effect  of 
the  free  ligand  dithlzone  was  investigated'.  After  several  hours 
in  the  dark,  the  fatigue  phenomenon  disappears  and  the 
photochromic  effect  is  recovered.  A  reaction  mechanism  was 
established,  and  the  relevant  kinetic  and  spectroscopic 
parameters  wore  determined.  The  involvement  of  a  monodlthizonato 
mercuric  complexc  is  assumed. 

On  the  other  hand,  the  case  of  the  'fPIb/Cllcl,  (TPID  - 
trlphenylimidazolyl  dimer)  illustrates  a  rather  different 
experiment.  I  system  (pale  yollow/violot)  whore  the  fading 
increases  oven  after  a  rest  in  tho  dark.  The  origin  of  this 
strong  accelerating  decay  lies  in  a  very  special  mechanism 
making  tho  TPID/CIICl,  system  the  only  oxamplo  so  Car  where  such  a 
non  linear  kinetic  effect  has  been  recognized'.  A  feedback  loop 
occurs  when  tho  trlphenylimidazolyl  radicals  (TPl’),  which 
initially  hove  a  screening  effect  and  prevent  photolysis  of 
chloroform,  start  to  bo  bleached  by  tho  II'  ions  produced  by  CIICl, 
photodecomposition.  This  loop  is  responsible  of  the  strong 
acceleration  of  the  fading  process  during  continuous  UV 
irradiation.  1 


Figure  1  comparer,  the  kinetics  ol  tho  photodogradation  of  the  two 
systems: 

n)-slowing  down  (mercury  dithizonnte/CCl,) ; 
b)-accolor  iting  (TI'lD/CIICl,) . 

Porercncos: 

l)-ll.  Hau  a.nd  G,  Greiner,  EPA  Newsletters  41,  March  1991,  40-55. 
zi-A.E.  Goodwin  and  II.  Hottola,  Anal. Chem.  55,  329-34  (1983). 
J)-ll.liordorie,  D.l.avabre,  G.bovy,  J.C.  Micheau  and  J.P.  l.aplante 
J.A.C.S.  112(11),  4105-9,  (1990). 


HIGH  STABILIZATION  OF  COLORED  SPIRONAPHTHOXAZINES 
BY  PHOTOCHROMIC  CHELATE  FORMATION 

Takashi  TAMAKl.  Masako  SAKUKAGI,  Takahiro  SEKI.  and  Yuji  KAWANISIII 

Research  Institute  tor  Rolymcrs  and  Textiles, 

1-1-4  Higashi,  Tsukuba  ibaraki  305,  JAPAN 


So  far,  apironaphthoxazlnes  have  been  used  for  several  commercial 
applications  such  as  light  filters,  ophthalmic  lenses,  sunglasses,  and  ski 
goggles^^^  This  it  mainly  due  to  their  excellent  fatigue  resistance  and 
rapid  color  changes  both  in  the  light  and  in  the  dark.  The  colored 
merocyanlne  form  generated  upon  exposure  to  the  light  Is  thermally 
unstable,  recovering  colorless  spiro  form  immediately  after  the  offset  of 
the  light.  Our  effort  has  been  focused  on  keeping  the  colored  form 
more  stable  in  the  dark.  This  report  demonstrates  that  the  chelate 
formation  with  di*  and  trivalent  metal  ions  is  quite  suitable  for  this 
purpose,  if  the  compound  has  a  coordinating  group  adjacent  to  the 
oxazinyl  oxygen  which  acts  as  another  coordinating  group  in  the 

merocyanlne  form.  The  reaction  scheme  is  shown  below^^^ 

Methoxy,  hydroxy,  and  sulfonyl  groups  were  used  as  the  coordinat¬ 
ing  group  (R2)  and  the  metal  ions  employed  were  inorganic  salts  or  mixed 
complexes  with  aeetylacetonate  and  ethy lenediamine.  The  half  lifetime 
of  the  colored  form  In  the  dark  was  10  -  10^  times  longer  in  the 

presence  of  metal  ions  than  in  their  absence.  This  stability  effect  was 
dependent  on  metal  ions,  ligands,  and/or  matrices.  Generally,  It  in¬ 
creased  with  the  increase  in  the  electron  negativity  of  metal  ions  and 
in  the  donating  ability  of  ligands.  The  excess  stabilization  was  greater 
in  polymer  films  than  in  solutions.  The  bathochromic  shift  to  the  near 
infrared  region  was  also  observed. 


(1)  N.  Y.  C.  Chu,  "Photochromism:  Molecules  and  Systems*',  ed  by  11.  Durr, 

Elsevier,  0.879  (1090). 

(2)  T.  Tamaki  and  K.  ichimura,  J.  Chem.  Soc.,  Chem.  Commun.,  1477  (1989). 
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A  PIIOTOCIIROMIC  SYSTEM  BASED  ON  THE  FORMATION  OF 
FI.AVYLIUM  DYES 


GBntor  Ilauck®,  Peter  Cr.orney  and  Ute  Kurzer 
Institute  of  Physical  Chemistry,  Frledrlch-Schlller- 
(Jnlverslty,  0-6900  Jena,  Germany 


Flavyllum  ions  can  react  with  hydroxld  ions. to  form 
different  products  (1] .  In  a  glycerol-borax  glass  of  higli 
viscosity  obviously  the  pseudo  base  B  is  formed.  On  irradi¬ 
ation  B  can  be  transformed  back  to  the  flavylium  ion  f'; 


The  dependence  of  the  photochemical  and  the  thermal  reaction 
on  structural  and  environmental  effects  has  been  studied.  Bot.h 
reactions  depend  strongly  on  structural  and  envlronmnnl.al 
effects  (vincoslty,  pH).  In  particular,  the  effect  of  the  donor 
strength  of  the  substituents  R*  and  R^,  tlie  effect  of  bridging 
the  2-ptienyl  group  to  the  benzopyrylium  moiety  (position  3)  and 
Lite  role  of  nuhatltiients  in  4-posltlon  lias  been  studied. 

Spectral  data  and  reaction  rate  parometero  (quantum  yield, 
decoy  time,  rote  constants,  activation  energy)  wore  determined. 
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R.A.  McClelland  and  S.  Cedge,  J.  Am.  Chem.  Soc.  10?. 
(19no)  5n30 


PHOTOCHEMISTRY  AND  PHOTOPHYSZCS  WITHIN  CYCLODEXTRIN  CAVITIES 
(  Euaane  lladioudis.  I.  Houatakall-HAvrldis  and  Gaorga  Piatolla 

N.C.S.R.  "Danokrltoa",  1S3  10  Aghla  Paraakavi-Attikl,  Craaca 


In  atudiaa  of  lolld-itata  photochaaiatry,  it  hai  baan  racognizad 
that  tha  topochaalcal  ralationa  aaong  nalghboring  aolaculai  and  atoaa 
dlctata  tha  outcoaa  of  photochaaioal  axcitatlon^.  Howavar,  photochamlatry 
within  CO  oavitiaa  involvaa  faaturaa  quita  distinct  from  thoaa  of 
cryatallina  aolida  ainca  tha  intarior  of  tha  cavity  conatitutas  an 
iaolatad  anvironaant.  Alio,  linca  ineludad  apaciaa  ara  usually  praiant 
only  aa  singla  aolaculaa  within  tha  cavity,  photochamistry  la  raatrictad 
to  intramolacular  avanta,  axcapt  in  easas  of  multipla  occupation  of 
cavitiaa  or  auch  cccupancas  that  intarmolacular  intsraction  is  poasibla. 
Thaaa  faaturaa  offar  opportunities  to  tha  photochamist  to  uaa  tha  CD 
cavity  aa  a  vahicla  to  focus  axpariaants  only  on  eartain  spacific  aapaets 
of  a  aachanistic  problaa  and  to  uaa  it  as  a  aierovsasal  to  carry  out 
aalactiva  phototransformations.  Thus,  wa  will  axaaina  photoehamieal  and 
photophysical  procasaas  that  occur  in  aolaculaa  eoaplaxad  within  CD's  and 
wa  will  compara  tha  output  to  that  which  occurs  in  solution  and  in  the 
solid  state.  Such,  aora  ol  lass  systematic  studies,  may  help  in  under> 
standin  tha  chemical  and  physical  propartias  of  organic  aolaculas 
included  in  CD’s. 

In  the  present  wotk  wa  present  two  axamplss  i  the  photochemical 
dinarization  of  p-HsO-cinnamic^  acid  and  tha  photochromism^  of 
N-5-Clrsalicylidansanllina  insita  tha  cyclodaxtrin  cavity. 

(1)  V.  Raroamurthy  and  D.r.  Eaton,  Acc.  Cham.  Res.  21,  300  (1988)  and 
raferancas  herein. 

(2)  o.H.J.  Schmidt,  Reactivity  of  the  Photoaxcitad  Organic  Holacula, 
Intarsclenca,  New  York,  1967. 

(3)  E.  Hadjoudis,  Tautomarism  by  Hydrogen  Transfer  in  Anils,  in 
Photochromism  s  Molecules  and  Systems  (ads.  H.  Durr  and  H.  Bouas- 
Laurant),  Elsevier  1990. 
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POLYKIiR  KATRIX  ON  Till;  PlIOTOCllROH I SH  ON  SIMROPYIUN 

Tailalliru  Isliii 

Dcparincni  uf  Applied  Clicalslry.  Science  llnivoriiliy  of  TuRyo, 
KnKuray.aka ,  Skinjuku-ku,  Tokyo  1G2,  Japan 

Talnuro  Hajiaa 

The  Instiluie  of  Physical  and  Chenical  Research  (RIXEN), 

Itlrosawai  Uako-sht,  Sailana  351-01,  Japan 

In  relallon  lo  ilie  pholochroalsa  of  1 ,3, 3-lrlaaLhyl  Indol  lno-6‘ -nl  Ira¬ 
s' -subs  ll  lulod-benzospi  ropyran  derivalivos  (SP),  polyaer  aatrlx  effecl  on 
llio  decoloration  accoapaiiyins  the  reaction  of  aerocyanine  (NC)  to  SP  In 
pulyaethylaathacryloto  (PNNA,  Hn*  7xlO*-lxlO*) ,  a  copolyaer  of  KNA  and  a 
aonoaer  having  a  SP  group  (CP,  Kn*  6.3x10^),  and  polystyrene  (PSt,  Nn*  7.8 
xlO^)  fllas  was  studied  by  flash  photolysis  using  Nd:YAC  laser  (355na)  at 
various  loaperatures. 

The  decoloration  rate  Is  characterized  by  non-hoaogenoous  distri¬ 
bution  of  the  free  voluao  In  polyaer  fllas  and  analyzed  based  on  a  kinetic 
aatrlx  effect.  The  dispersive  parsaetor  in  the  kinetic  aatrlx  effect  (8) 
was  obtained;  0.5  In  PNNA  and  CP  fllas  and  fl  “  0.37-0. <15  in  PSl  fila. 

Arrhenius  plots  of  the  antrix  response  function  tiao  constant  (a)  versus 
inverse  uf  tcapcraluro  change  significantly  at  Tg(370-300K)  corresponding 
to  the  glass  transition,  T  fl  (240-270X) ,  and  T  0  ’  (310-330K).  T0’  is 

observed  in  NC-PNNA  fllas,  when  NC  has  a  ester  group  at  S'  posilionof  HC. 
On  the  uther  bond,  T0'  is  observed  neither  in  PNNA  fila  dispersed  with 
NC  having  no  ester  groups  nor  in  CP  and  PSt  filas.  Therefore,  the  distri¬ 
bution  of  the  free  voluao  in  potyaer  filas  depends  significantly  on  onset 
of  scgacntal  aotions,  onset  of  aotions  uf  side  groups,  ond  the  inter¬ 
action  between  two  ester  groups  of  NC  and  PNNA,  respectively. 

Past  and  slow  processes  arc  found  in  the  decoloration  of  NC  hovlng  a 
■•°tcr  group  at  8'  position  below  273X  in  PNNA  and  CP  filas.  The  fast 

decay  rstc  is  constant  at  183-273K.  The  ratio  of  NC  undergoing  the  fast 
process  to  NC  doing  the  slow  one  increases  with  decreasing  teaperaturo. 
Stable  NC  and  unstaulc  NC  below  273K  correspond  to  irans-NC  and  cis-NC 
isoaers  in  PNNA  and  CP  filas,  while  only  trans-NC  isoacr  foras  in  PSt 
fila.  It  is  suggested  that  cis-HC  is  stabilized  in  polar  antrix  (PNNA) 
through  the  interaction  botwnen  two  ostcr  groups  of  NC  and  PNNA. 
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TUANSFERT  DE  PROTON  INTRAMOLECULAIRE  PIIOTOINDUIT  PRESENTE 
PAR  LA  METIIYL.4  OMUELLIFERONE 

Elisabeth  Dardez,  Patrick  Boutin  ct  Bernard  Valcur 

Laboratoirc  dc  Cliiinie  Gdnfrale  (CNRS  URA  i  103),  Conservatoire  National  dcs  Arts  ct 
Mdtiers,  292  rue  Saint-Martin,  7S003  Paris  (France) 


La  nidthyl-4  oinbcilirdrone  (4-MU)  cst  un  indicateur  fluorescent  ct  un  colorant  laser  au 
domaine  d'^mission  exccptionncllcmcnt  large  (3(10-590  nin).  Ceci  cst  dQ  it  Tcxistence  dc  quatre 
formes  fluorcsccntes  £vcntuellcs,  cui  peuvent  £tre  sdlcctionndcs  scion  Ic  solvent  ct  le  pH:  la 
fomie  neutre  (£i*),  ct  Ics  formes:  anionique  (A*),  cationique  (C*)  ct  tautomfcrc  d*),  ddrivant 
dc  N*  par  transfert  de  proton  it  I'dtat  cxcitd,  suivant  le  schdma  gdndral: 


Le  mdcanisme  de  la  rdaction  de  tautomdrisation  photoinduite  n'a  pas  encore  dtd 
totalcmcnt  dlucidd.  La  question  dc  savoir  si  N*  T*  peut  se  produirc  par  transfert  dc 
proton  intramoldculaire  (assistd  par  dcs  moldcules  dc  solvant),  ou  obligatoircment  par 
I'intemiddiaire  des  espdccs  A*  ou  C*.  dcineurc  un  sujet  dc  controvcrsc.  En  fait  ce  probldme  cst 
lid  it  la  nature  dc  T'*,  dvcntucllemcnt  zwilterioniquc. 

L'dtudc  prdsentdc  ici  a  pour  but  de  contribuer  &  I’dlaboration  du  moddlc  rdactionncl  en 
mettant  5  profit  dcs  mcsurcs  cindtiques  rdalisdes  par  (luorimdtrie  de  phase  multifrdqucnce.  Les 
rdsultats  portent  sur  le  coniportement  de  la  mdthyl-4  ombellifdrone  dans  un  solvant 
hydroxy  lique  tel  que  le  n-butanol  particulidrement  adaptd  i  I'observation  des  seules  formes  N* 
ct  T*.  L'ajout  graduel  d'eau  au  systdme  a  dtd  dtudid,  et,  en  paralldle  avec  les  mesures 
cindtiques,  I'exainen  dcs  spectres  dc  fluorescence  permet  d'approfondir  le  role  des  moldcules 
"rclayant"  le  transfert  de  proton  lors  dc  la  tautomdrisation  de  4-MU. 
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PIIOTOINDUCEI)  INTRAMOLECULAR  PROTON  TRANSFER 
IN  4-  METIIYLUMUELLIFERONE 

Elisabetli  Bardcz,  Patrick  Boutin  and  Bcniard  Valour 

Luboraloirc  do  Chiniie  G^ndnilc  (CNRS  URA  1 103),  Conservatoire  National  dus  Arts  ct 
Mdtiers,  292  rue  Saint-Martin,  7S()03  Paris  (France) 


4-Metliyluinbclliferone  (4-MU)  is  a  Ruorescent  indicator  and  a  laser  dye  whose 
emission  range  is  exceptionally  broad  (360-390  nm).  This  is  due  to  the  existence  of  four 
possible  fluorescent  species,  wliich  can  be  selected  depending  on  solvent  and  pM:  tlic  neutral 
fomi  (tl*),  and  tlie  anionic  (A*),  cationic  (C*)  and  tautomeric  d*)  fonns  stemmed  from  N*  by 
excited-state  proton  transfer,  according  to  tlie  general  scheine : 


Tlie  meciiunism  of  pliotoinduced  tautomcriziition  has  not  been  cleared  up  yet.  A  debuted 
question  remains  wliether  N*  T*  may  occur  directly  by  intramolccuhtf  proton  transfer,  or 

necessarily  via  A*  or  C*  intermediates.  In  fact,  this  problem  is  related  to  the  possible 
zwittcrionic  nature  of  T*. 

'I’hc  |)rcscnt  .study  aims  at  bringing  the  contribution  of  time-resolved  measurements 
usiiig  multifrcqttcncy  phase  fluoromctry  to  an  elaboration  of  the  rcticlion  model.  I'hc  presented 
results  focus  on  4-MU  behavior  in  a  hydroxylic  solvent  such  ns  /i-butanol  which  turns  out  to  be 
a  r^nvcnicnl  medium  for  i.soluting  the  only  emission  from  N*  and  T*  forms.  The  effect  of 
gradual  addition  of  water  is  itivestigated,  and  in  conjunction  with  kinetic  measurements, 
fluorescence  spectra  studies  allow  us  to  point  out  how  water  molecules  may  relay  proton 
transfer  in  4-MU  tautomcrization. 
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TRANSFIiUT  D'ENl£IU;iE  IMlOTOINDUiT  DANS  UNE  SUl’EKMQLECULE 
COUMAIUNIQUE.  DETERMINATION  DE  LA  DISTRIWUTION  DE 
DISTANCE  INTERCIIROMOI'IIORE  ET  EFFET  DE  LA  COMFLEXATION 

FAR  UN  CATION 

n.Valcui^.  M.  Kaschkcl’.  J.Pougct®,  J.Dourson®  and  N.Emsting*> 

^Laboratoire  dc  Chiiiiic  Gdndratc  (CNRS  URA  1 103),  Conservatoire  National  des  Arts  ct 
Mdtiers,  292  rue  Saint-Martin,  75003  Paris  (France) 
i>Max-Planck-lnstitut  fUr  biophysikatisbc  Oiemie,  Abteilung  Laseqtliysik, 

3400  Gottingen  (Alleinagnc) 


Le  transfert  d'dncrgie  dlectronique  au  scin  d'line  supermoldeule  eonstitude  de  deux 
couniarincs  tides  pur  unc  chatnc  trds  Hexible  (pentaoxydthyldne),  a  dtd  dtudid  par  spcetroscopic 
dc  fluorescence  stationnuirc  ct  par  spectroscopic  d'absorption  rdsoluc  dans  Ic  temps. 
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Des  mcsurcs  dynamiques  par  la  technique  "pump-probe"  it  I'dclielle  sub-picosecondc 
montrent  que  Ic  transfert  se  produit  en  quelques  picosccondcs,  et  Ics  rdsultats  peuvent  ctre 
intcrprdtds  par  un  moddic  du  type  interaction  dipole-dipole  impliquant  unc  distribution 
Gaussienne  des  distances  entre  ics  deux  couniarincs.  La  distribution  Guussienne  ddduitc  des 
rd.sultats  expdrimentaux  est  en  bon  accord  avec  ccllc  obtenue  pur  des  calculs  confomiationnels. 

La  chaine  liant  Ics  deux  couniarincs  est  capable  dc  complexer  certains  cations.  Une 
complexation  cfficace  a  dtd  obscrvdc  avee  du  perchlorate  dc  plomb  dans  le  carbonate  dc 
propyldnc  ct  I'acdtonitrilc.  11  en  rdsulte  une  modification  importante  des  propridtds 
photophysiques  dc  la  supermoldeule;  cn  particulier  Ic  rendement  dc  transfert  est  augmentd  dc 
fa^on  signincativc  lors  dc  la  complexation.  La  stocchiomdtric  du  coniplexe  a  pu  ctre  ddtcntiinde 
it  partir  de  I'dvolution  du  spectre  d'absorption  lors  dc  I'addition  dc  cation. 
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IMIOTOINDUCED  ENERGY  TRANSFER  IN  A  DONOR-ACCEi‘TOR 
COUMARIN  SUPERMOLECULE.  RECOVERY  OF  THE  DISTRIIIUTION  OF 
INTERCHROMOPIIORIC  DISTANCES  AND  EFFECT  OF  CATION  BINDING 

D.Valeur”,  M.  Kasclikc**,  J.Pougcl®,  J.Dourson*  and  N.Ernstingb 

“Laboratoirc  de  Chimic  Gdndrale  <CNRS  URA  1 103),  Coiiiicrvaloire  Nalional  dcs  Arts  ct 
Mdtiers,  292  rue  Saint-Martin,  75003  Paris  (France) 

I’Max-Planck-Insliiiit  fUr  biopliysikalishc  Chemie,  Abteilung  Lascrpbysik, 

3400  Gottingen  (Gennany) 


Electronic  energy  transfer  in  a  supemiolcculc  consisting  of  two  couniurins  linked  by  a 
liigbly  flexible  chain  (pentaglyinc)  has  been  studied  by  steady-state  fluorescence  spectroscopy 
and  tinie-rcsolvcd  absorption  spectroscopy. 
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Sub-picosecond  tinic-rcsoivcd  excilc-and-proix;  mcusurcnicnts  show  that  energy  transfer 
proceeds  on  a  lime  scale  of  several  picoseconds  and  that  the  results  can  be  well  described  by  a 
dipole-dipole  interaction  model  involving  a  Gaussian  distribution  of  distances  between  the  two 
coumarins.  Hie  recovered  Gaussitm  distribution  agrees  fairly  well  with  the  distribution  derived 
from  confomiulionnl  calculations. 

'I'hc  chain  linking  the  two  coumarins  is  able  to  complex  cations.  Efncicnt  complexation  by 
lead  perchlorate  has  been  observed  in  propylene  carbonate  and  in  acetonitrile,  which  induces 
changes  in  phoiophysical  projicrtics  of  the  supemiolcculc;  in  particular,  the  efficiency  of  energy 
transfer  is  significanlly  increased  upon  complexation.  The  slocchiomciry  of  the  complex  can  be 
determined  from  steady-stale  tibsoqnion  data. 
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DEPOLARISATION  I)E  FLUORESCENCE  PAR  TRANSFER!  D'ENEROIE 
DANS  DES  PAIRES  DE  CIIROMOPIIORES  IDENTIQUES  OU  DIFFERENTS 

Milrio  N.  nerberaii-Santos  and  Bernard  Valeur 

Labora(oirc  dc  Cliimie  Gdndrale  (CNRS  URA  1 103),  Conservatoire  National  des  Arts  ct 
Mdtiers,  292  me  Saint-Martin,  75003  Paris  (France) 


Nous  prdsentons  unc  dtude  thdorique  de  la  ddpolarisation  dc  iluoresccnce  par  transfert 
d'dncrgic  du  type  Fdrstcr  duns  des  paires  de  chroniopliorcs  identiques  ou  difldrcnts,  situds  it 
unc  distance  fixe  ct  sans  corrdlation  d'orientation, 

Dans  Ic  cas  de  chroinopliores  diffdrents.  Ic  ddclin  d'anisotropie  de  I'accepteur  rA(t)  peut 
prdsenter  trois  types  dc  comportements  extrdnws.  Dans  I'un  d'entre  eux  (Figure  a,  tp  »  1  ns, 
ta  0.01  ns,  Ro(r  >=  1.5)  rA(t)  passe  par  un  maximu.n  puis  ddcroit  et  tend  vers  une  valeur 
liniitc  ndgativc  (•  0.034). 

Lorsque  Ics  deux  citromophorcs  sont  identiques,  le  ddclin  d'anisotropie  rfl'),  oil  T  = 

(Ro/<')^’(l/'C)t  a  dtd  calculd  dc  fa^on  rigoureuse  ( - ,  Figure  b)  et  compard  it  celui  obtenu  par 

une  mdthode  approeltde  ( . ).  Nous  avons  montrd  dgalement  que  I’anisotropie  du 

chromopiiore  excitd  indircctcment  ( . )  ddpend  du  temps  et  tend  vers  0  aux  temps  longs, 

alors  ({ii'il  dtnit  ussimild  5  unc  constante  duns  des  travaux  antdrieurs. 
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FLUORESCENCE  DEFOLAUIZATION  UY  ELECTRONIC  ENERGY  TRANSFER 
IN  DONOR-ACCEl*TOR  PAIRS  OF  LIKE  AND  UNLIKE  CIIROMOPIIORES 

Milrio  N.  Derberon-Snntos  and  Demurd  Valcur 

Latx>ratoire  de  Cliimie  Gdndralc  (CNRS  URA  1103),  Conservatoire  National  des  Arts  et 
Mdtiers,  292  rue  Saint-Martin,  75003  Paris  (France) 


Fluorescence  depolarization  by  dipolar  energy  transfer  is  theoretically  studied  in  donor- 
acceptor  pairs  of  like  and  unlike  chromophorcs  at  a  fixed  distance  and  with  random  and 
uncorrclated  static  orientations. 

For  unlike  chromophorcs,  the  acceptor  anisouopy  decay  rA(t)  is  shown  to  display  three 
different  types  of  extreme  behaviour.  In  one  of  these  (Figure  a,  td  =  1  ns,  t/v  =>  0.01  ns, 
Ro/r  a  1.5)  it  passes  through  a  maximum  and  then  decays  towards  a  negative  limiting  value 
(-  0.034). 

For  like  chromophorcs,  the  exact  pair  anisotropy  decay  r(T),  where  T  =  (Ro/r)^(t/x), 

( - ,  Figure  b)  is  obtained  and  compared  with  tliat  given  by  an  approximate  treatment 

( . ).  It  is  also  shown  that  the  anisotropy  of  the  indirectly  excited  partner  ( . )  is  time- 

dependent  and  tends  to  zero  for  long  times,  in  contradiction  with  previous  works  where  it  is 
reported  to  be  constant. 


MOLECULAR  INTERACTIONS  IN  THE  SYSTEM  : 
ZINC-TETRAPIIENYLPORPHYRIN  /  P0LY-4-VINYLPYRIDINE/  MEITIYL  VIOLOGEN 
M.  Isabel  C,  Feneira,  Teresa  M.  R.  Viscu.  Jos£  V.  C.  Fonseca 
Ccimo  (Ic  Qulinica  Pura  c  Aplicada  •  Uiiivcrstdaile  do  Minlio  •  47 19  Dkaoa  Couiix  (Pot(ugal) 

Mcullopoipliyrin  compounds  have  been  used  for  a  long  lime  os  poienclal  sensitizers  for  pbolochcmical 
and  plioioelccuochemical  processes^*).  More  recently  there  has  been  increasing  interest  to  explore  die  efrccts 
of  suiuble  axial  ligands  coordinated  to  the  porphyrin^^). 

In  our  studies  wo  are  using  zinc-tctraphcnylporphyrin  (ZnTPP)  coordinated  willi  poly-4>vinyIpyridinc 
(PVP).  All  the  results  reported  diero  in  have  been  achieved  in  methanol  soludons. 

We  have  previously  reported(3)the  measurement  of  the  equilibrium  constant  for  the  reversible  ground- 
suito  complexation  of  ZnTPP  widi  PVP,  using  absorption  spectroscopy  daui.  Tliis  value  (  K  _  88  M'*),  besides 

being  much  lower  than  dial  observed  for  complexation  to  pyridiiiet^),  is  also  radier  smaller  diaii  du>t  observed 
by  odiers  authors  in  a  different  sotvent^^). 

Using  fluorescence  spectroscopy  data  we  have  observed  dmt  die  species  ZnTPP>PVP  has  an  emission 
spectrum  similar  to  die  emission  of  ZnTPP,  aldiough  red  sliifled.  Tlie  fluorescence  quantum  yield  of  the 
complex  (ZnTPP-PVP)  is  found  to  be  the  same  of  the  free  porphyrin . 

We  have  also  measured  transient  state  fololumincsccnce  spectra  in  order  to  obuin  d>c  lifetimes  of  the 
species  in  solution. 

Moreover,  we  have  been  interested  in  studing  die  molecular  interactions  in  the  dircc  component  system 
ZnlPP-PVP-MV  ( MV  a  methyl  viologcn ). 

We  observed  die  formation  of  a  ground>stalc  complex  between  ZnTPP  and  MV,  that  has  been 
caroctcrizcd  using  absorption  spectroscopy  daui. 

We  have  investigated  die  dcaciivadon  mechanism  of  die  iwo-componcnt(ZnTPP-MV)  and  dircc 
component  (ZnTPP-PVP-MV)$ystem.Our  results  ore  compatible  with  a  kinetic  mcclionism  dial  includes, 
besides  die  unimolcculor  processes,  die  bimoiccular  quenching  of  ZnlPP  and  ZnTPP-PVP  by  MV,  Tlic 
fluorescence  quenching  constants  arc  Kit|  a  30.4  (for  the  quenching  of  ZiiTPF)  and  K2T2  =  12,3  (for  die 

quenching  of  ZnTPP-PVP) . 

REFERENCES 

(1)  Coord.  Chem.  Rev.,  44, 83  (1982),  J.  Clicin.  Soc.  Faraday  Trans.  2, 77, 1281  (1981) 

(2)  J.  Eicctroanal.  Chem.,  221, 83.  (1987) 

(3)  XII  lUPAC  Symposium  on  Pliolociicmistry,  Absuats,  p.  29G,  Dologna,  July,  1788 

(4)  J.  Am.  Chem.  Soc.,  100, 5075  (1978),  Inorg.  Chem.,  IS.  483  (1976) 
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Adiabatic  Fhotoreaotlona  as  Fluorescence  Probes  for  Polymers 
R.  Fritz f  W.  Rettlg  and  J.  Springer 
TU  Oerlln,  Str.  des  17.  Junl  124,  D-1000  Berlin  12 

Relaxation  processes  observable  in  polymers,  are  named  in 
sucesslon  of  their  appearance  at.  different  temperatures  as  o,B 
and  Y  process.  The  a  relaxation  is  bettor  known  as  the  glass 
transition  (T^)  of  polymers.  At  Tg  the  segment  mobility  is 
frozen.  0  and  y  relaxations  are  related  to  the  freezing  of  the 
side  group  motions  of  the  polymer  main  chain.  In  recent  years, 
luminescence  probes  have  been  used  to  explore  the  molecular 
mobility  in  highly  viscous  media,  especially  in  polymers  at 
temperatures  above  Tg.  But  only  few  luminescence  probes  are 
available  for  the  region  below  Tg*^'**.  Two  different  approaches 
can  be  used:  a)  the  probe  is  covalently  attached  to  the  main 
chain  or  to  the  aide  group,  b)  the  probe  is  dissolved  in  the 
polymer.  Because  of  the  high  macroscopic  viscosity  of  a  polymer 
below  Tg  ("klO^^  Pas)  the  luminescent  probe  must  be  sensible  to 
react  on  small  changes  of  the  local  viscosity  (local  free 
volume)  of  the  surrounding  medium.  We  used  9-tert-butyl-io- 
cyanoanthracen  (TB9ACN)  as  a  fluorescence  probe  for  the  mobility 
of  polymers  below  their  glass  transition  temperature ^ .  In  the 
excited  state,  TB9ACN  relaxes  through  a  funnel  on  the  SI 
hypersurface  halfway  between  the  anthracene  and  the  Dewar 
anthracene  structure.  This  leads  to  shortened  fluorescence 
lifetimes  (measured  by  Single  Photon  Counting) .  Various 
Polymethylacrylesters  below  the  glass  transition  will  be 
discussed. 

T1)9AC,N 

lii 

N 

(1)  H.ltagaki.,  K.Horle,  J.  Mita,  Prog.  Poly.  Sci.  15,361-424,1990 

(2)  H. Rettlg,  R. Fritz,  J. Springer  In  "Proceeding  of  the  Conference  on 
Photochemical  Proceeaea  In  Organized  Molecular  ayatema"  Yokohama, 22- 
24. Sept. 1990  ,Bd.  K.  Honda,  Elaevler  Science  Publlaher  B.V.  Amaterdam  1991 
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DUAL  FLUORESCENCE  IN  NOVEL  CAROTENOID-LIKE  CIIROMOPHORES 

H.  Bettermann** ,  M.  Blenioschek^ H.  Ippendorf*’ 
and  H.D.  Martin*^ 

Institut  £.  Physikalische  Chemle^,  Instltut  f.  Organische 
Chemie^,  Universltat  Dusseldorf,  D-4e00  DvisaeldorC,  FRO 

This  contribution  presents  fluorescence  spectra  of  a  new  class 
of  carotenoid-like  compounds.  These  compounds  exhibit  dual  flu- 
orescence  whose  quantum  yields  are  in  the  range  of  10  .  The 

higher  energetic  fluorescence  is  originated  from  the  second  ex¬ 
cited  singlet  state  while  the  lower  energetic  luminescence  is 
achieved  from  the  first  excited  singlet  state  whose  excitation 
is  symmetry-forbidden.  S^-f luorescence  additionally  contains 
hot  luminescence  which  has  been  identified  by  fluorescence  ex¬ 
citation  spectra  obtained  from  the  direct  excitation  of  the 
S^-S^  transition.  Hot  luminescence  is  generated  from  a  vlbro- 
nic  state  in  which  one  of  the  C>C  stretching  vibrations  is  in¬ 
volved.  The  spectra  reveal  that  the  vibrational  energy  of  that 
C=C  stretching  vibration  in  the  S.  state  is  considerably  large 
(approx.  1750  cm  ) .  This  is  in  accordance  with  Raman  spectra 
from  the  first  excited  singlet  state  of  S-carotene  /!/  and 
theoretical  considerations  including  diabatic  states  /2/. 


/!/  T.  Noguchi,  S.  Kolaczkowski,  C.  Arbour,  S.  Aramaki, 
G.H.  Atkinson,  K.  Koyaski  and  M.  Tasumi 
Photochem.  Photobiol.  603  (1989) 

/?./  F.  Zerbetto,  M.Z.  Zgierski,  F.  Negri  and  G.  Orlandi 
J.  Chem.  Phys.  89,  3681  (1988) 
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HIGH  EFFICIENCY  LIGANO-TO-METAL  ENERGY  TRANSFER.  UV  SENSITIZED 
RED  LUMINESCENCE  OF  EUROPIUM(III)  CHELATES. 

Jean-Marc  Salidres,  Shlomo  Mosserl  and  Jean-CIaude  Mialocq 

CEA/CB  Saclay,  DSM,  DRECAM/SCM/URA331  CNRS 
F-9H91  Gif-sur-Yvetta  Cedex  (France) 

Lanthanide  ions  (£  elements)  form  with  o-dlketoenolates 
neutral  complexes  soluble  in  organic  media.  In  acetonitrile, 
trl8( 6, 6, 7,7, 8, 8, 8-hepta£luoro-2, 2-dlmethyl-3, 5, -octanadlonato)- 
Europium  (111)  presents  a  294  nm  absorption  band  (dX>SOnffl  FWHM) 
due  to  a  ligand  Sq— *S]^  electronic  transition.  When  exciting  the 
complex  In  this  band,  no  ligand  fluorescence  Is  observed  but 
narrow  Intense  fluorescence  lines  are  emitted  at  590,  614,  650 
and  700  nm,  corresponding  to  radiative  transitions  of  the 
Eu(IlI)  Ion. 

The  energy  transfer  Involves  the  following  mechanism: 

-  Intersystem  crossing  — >Tj^  to  the  triplet  state  of  the 
ligand.  It  la  favoured  by  the  small  energy  difference  between 
the  two  states,  characteristic  of  the  conjugated  ketonlc 
systems  and  by  the  presence,  close  to  the  carbonyx  groups,  of 
the  Eu  Ion  which  Increases  the  spin-orbit  coupling  by  the 
"heavy  atom  effect"  (Z  value). 

-  Energy  transfer  from  the  triplet  donor  ligand  to  an 
Isoenergetlc  excited  state  of  Eu(lll). 

-  Rapid  relaxation  of  Eu(III)  to  the  fluorescent  ^Dq  and  ^D^ 
excited  states. 

The  high  fluorescence  quantum  yield  (•P-0.8010.05) 
Indicates  the  remarkable  efficiency  of  the  llgand-to-metal 
energy  transfer  and  the  low  efficiency  of  tho  non  radiative 
deactivation  processes  of  EU(III)  as  confirmed  by  the  long 
lifetime  of  the  ®Dq  level,  (t-000120  |is).  The  fluorescence 
decay  time,  t-650170  ns  ,  Identical  to  the  ®Dq  fluorescence 
rlsetlme  Indicates  that  the  latter  Is  populated  from  the 
former. 

The  p-dlketoenolate  ligands  thus  constitute  a  cage  around 
the  Eu(lII)  Ion  and  protect  the  fluorescent  excited  state  from 
the  deactivating  vibrational  modes  ol  the  solvent.  This  Is 
confirmed  by  the  absence  of  Isotopic  effect  In  CH3CN  and  CD3CN. 
However,  a  1120  molecule  can  approach  the  Eu(III)  Ion  and 
Induce  radiationless  deactivation  via  the  0-H  vibrations. 

Other  effects  have  been  investigated:  deuteratlon  of  the 
ligands,  elect^'en  donor  FefCN)^"  effect. 
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TRANSFERT  D'ENERGIE  LIGANDE-METAL  A  IIAUT 
RENDEMENT:  SENSIBILISATION  UV  DE  LA  LUMINESCENCE 
ROUGE  DE  CHELATES  D’EUROPIUM(ni). 

Jean-Marc  SALIERES.  Shlomo  MOSSER!  et  Jean-Claude  MIALOCQ 

C.E.A./C.E.  Saclay,  DSM.  DRECAM/SCMAJRA  331  CNRS 
F-91191  Gif-sur-YvcMe  Cedcx  (FRANCE) 

Lcs  Ions  lanthanides  (dldmcnis  40  Torment  avec  les  anions  |)* 
dicdtodnolates  des  tris  complexes  ncutres,  solubles  en  milieu  organique.  Cn 
solution  dans  I'acdtonltrile,  Ic  chdUte  tris(6,6,7,7,8,S,8-heptBriuoro*2.2> 
dimdlhyU3.S-ocluncdionato)  europium  (III)  prdsente  it  294nm  unc  bandc 
d'absorption  (largcur  6  mi'hauteur  AX^SOnm)  due  It  une  transition 
dicctronique  So-*S2  localisde  sur  te  ligande.  En  excitant  le  complexe  dans 
cette  bande,  on  n'observe  pas  de  riuorescence  du  ligande  mais  des  rales  rines 
el  iiticnses  &  590,  614,  650  ct  700  nm,  correspondant  It  des  transitions 
radinlives  de  I'ion  Eu(llt). 

Le  iransTcrt  d'dnergie  qui  conduit  it  cette  dmissinn  s'accomplit  scion  le 
mdcanistne  suivant: 

•  Conversion  interne  S2-«S| 

•  Croisement  intcr-systinie  S|-tTi  (via  T2)  vers  I'dtat  triplet  du 

ligande.  It  est  favorisd  par  la  faibte  dlTfdrence  d'dnergie  entre  ces  deux  dials, 
caractdrisiiquc  des  systdmes  edtoniques  conjuguds,  el  par  la  prdsence,  it 

proxintitd  des  groupements  carbonyle,  de  I'ion  europium,  qui  accrolt  le 

couplagc  spin-orbite  par  cTfet  d"'aiomc  lourd  interne"  (vulcur  dievde  de  Z). 

•  Transfcrl  d'dnergie  du  triplet  dontteur  it  un  dial  iso> 

dnergdtiqiic  excitd  de  Eu(llf). 

•  Relaxation  rapidc  de  Eu(lll)  vers  tes  niveaux  excitds 

luntinc.sccnts  ^Docl^Di. 

La  valour  dIevde  (<Iib0, 8010,05)  du  rendement  quantique  d'dmission 
(Idmontrc  la  rcmarquablc  eTTicacild  du  iransfcrt  d'dnergie  du  ligande  vers  Ic 

nidtal,  cl  In  Taiblcs.sc  des  processus  de  ddsactivation  non  radiative  de  Eu(lll), 

connrmdc  par  la  longue  durdc  de  vie  de  I'dlnt  ^D()  (x  >800±20ps).  Le  temps  de 
ddclin  de  la  Tluorcsccncc  de  ^D|  (s  >650l70ns),  idenlique  au  temps  de  montdc 
(Ic  la  nuorc.sccncc  de  indique  que  cc  dernier  e.sl  peupid  &  partir  de  ^D|. 

Les  ligandcs  P'dicdtodnolates  constituent  alnsi  unc  cage  aulour  de  I'ion 
Eu(III)  cl  proldgcnt  I'dtat  excitd  luminescent  des  modes  vibralionncis 
ddsiictivalcurs  du  solvant.  Ccci  csi  conTirmd  par  I'abscnce  d'eTTcl  isotopique 
citlrc  CII3CN  ct  CL)3CN.  Cependant,  unc  moldcutc  II2O  peui  .s'npprochcr  de  I'ion 
Eu(lll)  cl  indiiirc  unc  ddsactivation  non  radiative  via  les  vibrations  0>ll. 

D'aiilrcs  cTTcls  ont  dtd  dtudids;'  dcutdration  des  lignitdcs,  cTTct  d'un 

dunnctir  d'dicciron  Fc(CN)(i4-., 
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PRESSURE  EFFECT  ON  THE  RADIATIONLESS  DEACTIVATION  OF 
SINGLET  OXYGEN  IN  SOLUTION 

R.  Schmidt,  K.  Seikol  and  H.*D.  Brauei 

Institut  lUr  Phjsikalische  und  Thaoretischo  Chemie,  Universitdt 
Frankfurt,  Niederursaler  Hang,  D  6000  Frankfurt/Main,  FRG 


Lifetimos  of  singlet  ox/gen  (^02)  have  boon  determined  In  12 
solvents  in  dependence  of  pressure  and  in  part  of  temperature  using 
time  resolved  phosphorescence  techniques,  see  Fig.  1,  Experimentai 
activation  voiumes  for  the  deactivation  of  ^Oo  bjr  solvent  molecules  vatj 

H  a.1 

between  -11.9  (pemane)  a:  AV^j^^  ^  -4.1  ml  mol  (formamlde)  at  298 

K.  The  increase  of  AV^j^^  with  temperature  was  meas'*red  in  toluene 

and  CHoCN.  The  data  are  analyzed  bj  means  of  a  kinetic  scheme 

assuming  a  preequilibrium  of  O2  and  solvent  molecule  to  form  a  singlet 
1  “1 

contact  complex  ‘C.  Deactivation  of  O2  occurs  by  energy  transfer 
between  the  collision  partners  of  C  converting  C  to  C,  which  subsequent¬ 
ly  splits  into  the  deactivation  products.  A  statistical  model  developed  by 
Yoshimura  and  Nakahara  is  used  to  calculate  the  reaction  volume  AV^ 
of  the  preequilibrium.  It  is  revealed  that  the  major  part  of  consists 

of  AVq.  Activation  volumes  AV^  of  the  actual  deactivation  of  ^02  br 
oscillators  X-Y  of  the  solvent  molecule  depend  neither  on  the  polarities 
of  solvent  nor  of  X-Y.  Independent  of  oscillator  they  are  estimated  to 
be  AVg  "<-2  ml  mol"'  if  X-Y  is  C-H,  C-CI,  C-F,  N-H  or  C»S. 


Fig.  1:  ’Oj  phosphorescence  in 
toluene  at  298  K  at  (1) 

1  bar  and  (2)  1500  bar; 

sensitizer  RUB,  = 

512  nm;  pulse  energy 

2  mJ;  T,^(l)  B  29.2  ps; 
T^dSOO)  “  15.7  ps;  curves 
are  averaged  over  32 
laser  shots. 

•  M  •*  «9  m  m  iK  **•  tm  m  m 
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PATHWAYS  OF  PIIOTOCYCLOADDTION  OF  ARENHS  TO  ALKENES  AND 
DIENES 


Johanna  van  Jcr  Hart  and  Jan  Cornelissc 

Gorlaciiii  Laboratories,  Leiden  University,  P.O.  Dox  9502, 
2300  RA  Leiden,  TIte  Netherlands 


For  the  photocycloaddition  of  arencs  to  alkcncs  and  to  the  terminal  C  atoms  of 
1,3-dienes  tliree  modes  of  addition  are  possible,  i.e.  ortho,  meta  and  para  addition.  In 
each  of  these  addition  modes  there  are  several  possibilities  for  the  location  of  the  newly 
formed  a  bonds  between  the  reactants  with  respect  to  the  position  of  substituents  at  the 
benzene  nucleus. 

The  phot(x:hcmical  additions  of  arenes  to  alkenes  are  highly  selective  for  the 
mode  of  addition  and  their  regioselectivity  is  quite  strong.  In  the  photocycloaddition  of 
arenes  to  dienes  the  selectivity  in  the  mode  of  addition  is  less  pronounced. 

1'he  pathways  of  the  reactions  are  investigated  from  the  preferred  cunfonnations 
in  the  early  stage  of  the  reaction  to  tlie  funnels  in  the  potential  energ/  surface  of  the 
Erst  excited  stale  of  the  complex  between  arene  and  alkene  nr  diene.  'L'C  presence  of 
energy  barriers  in  these  pathways  and  their  relative  values  delenninc  the  selectivity  of 
the  pholocyclouddion. 

1'he  favoured  conformations  of  the  complex  of  reactants  at  the  start  of  tlte 
reaction  are  dcicnnined  by  first  order  perturbation  of  the  zero  order  wave  functions  and 
the  position  of  the  funnels  is  found  by  simple  semi-empirical  calculations. 


Isoiuuri/.alioii  Hcaclioii  anil  Exciiiicr  Foniialioii  Kinutics  uf  DI)M!]F] 

T.  Harjii,  J..  Ei'oslyilk"^,  Y.  L.  Cliow**  niul  J.  Ki)r))pi-Toiiiiiiula 

Di'pai'liiiuiil  of  I’liysicat  Clicnii.slry,  Uiiivarsily  uf  JyviLskylii 
P.O.  Uox  35,  SF-'1()351  Jyviiskylii,  Fialiual 

Dcpiu'liacttl  of  I’liymi'^,  Janus  Fainiouius  Univctsily 
Ifjiisag  H.  C,  1I-7C2'1  Fees,  Hungary 

Dopailincut  of  Cliciuislry,  Siiiiun  Fiaxcr  Univcrsily 
Vancouver,  UC,  V5A  ISC,  Canada 

Isuinei  ixalion  kinetics  and  exciiucr  foriiialioii  of  a  polar  molecule  (diliunxylinellnne)- 
liurundilluoride  (DUMUF^)  in  solutions  have  hcca  studied.  In  dilute  n-alcohols, 
D13MDF}  exhibits  tcmjierature  and  solvent  dcjiendcnt  lluorescence  lifetimes  from  0.3 
to  2.U  ns  in  the  blue  region  uf  the  spectrum.  This  behavior  arises  most  probably  from 
an  isumetix.ation  reaction  taking  place  in  the  excited  state.  Our  ab  imlio  -calcidations 
uf  the  ground  state  suggest,  lliat  the  must  probable  isomerization  coordinate  is  the 
lilicnyl  torsion  motion  of  the  inulectde.  The  observed  i.someri/.ntion  kinetics  is  clearly 
nun-K  ners  type:  the  hydrudymunic  viscosity  overestimates  the  friction  experienced 
by  the  reaction  at  high  viscosities.  Using  rotation  correlation  times  as  a  measure  uf 
friction''^  results  much  better  agreement  of  the  exj>erimcnt  and  theory.  However,  a 
slight  underestimation  of  the  reduced  rates  is  still  observed  at  high  values  of  friction. 
We  think,  that  the  remaining  dcscrepancy  arises  from  a  slow  response  uf  the  solvent  to 
the  reaction  coorilinatc  at  low  temperatures^. 

In  polar,  nun-hydrogen  bonding  solvents  at  concentrations  exceeding  O.Ul  M,  a  second 
emission  burnt  ari.ses  in  the  green  part  of  the  spectrum.  This  band  dues  not  have  a 
counter  part  in  the  absorption  spectrum  and  has  a  lifetime  uf  50  ns.  Doth  observations 
are  typical  of  excimer  formation  in  solution.  In  the  monomer  region,  two-exponential 
decay  is  observed  as  concentration  is  increased.  The  new,  slower  component  has  a 
lifetime  of  2-3  ns  which  is  ascribed  to  an  unstable  transition  slate  of  the  excimer  or  to 
liimer  formation. 


1.  Uen-Amolz,  D.  Sc  Scott,  T.  W.,  J.  Cheni.  I’hys.  87(1987)  3739-48. 

2.  Lee,  M.,  Hiuselline,  J.  N.,  Smith  HI,  A..  13.,  &  llochslriisser,  R.,  J.:  Am.  Chem.  Sue. 
111(1989)  5044-51, 

3.  Grole,  11.  F.  Sc  Hynes,  J.  T.,  J.  Chem.  I’hys.  74(1981)  4405-75. 
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PIIOTOCYCLISATION  INTKAMOLECULAlRli  DE  p-UENZO- 
QUINONES  SUBSTITUEES  :  MECANIFME  DE  LA  REACFION  ET  SON 
INIIiniTION  PAR  TRANSFERT  D'ELECTRON  INTRAMOLECULAIRE. 

Ralph  MARQUARDT  and  Roland  BONNEAU 
UA  348  du  CNRS,  Univ.  dc  Bordeaux  I,  33405  TALENCE  (France) 


Nous  avons  dUidid  par  pliololysu-dclair  laser  la  pholucyclisalion  intrninuldculairc  dc  la 
phdnyl-p-bcnzoquiiionc  ct  dc  coniposds  apparenids,  rdetion  qui  donne  dcs  ddrivds  du 
dibenzofurane  scion  le  indcanisinc  suivant 


Quand  -R  cst  un  gruu|)cmcnt  mdtlioxy,  le  rciulcmciU  quaiUique  dc 
formalion  de  I'dtat  triplet  ct,  par  suite,  le  rcndcincnl  quantique  dc  la  rdaction  dc 
photocyclisation  diininuc  roitcincnt  lorsquc  la  polaritd  du  solvant  augincntc.  Ccci  s'cxpliquc 
par  unc  coinpdiition  entre  le  passage  inicrsystdinc  S-T  ct  un  transfert  d’clcciron 
inlranioldculairc  au  niveau  dcs  dtats  singulct  cxcilds. 

Cette  inhibition  dc  la  photurdactivitd  dc  ben/.oquinones  substiludes  par  un 
transfert  d'dicctron  inlrainoldculairc  cst  un  rdsullat  tout  a  fait  inatlcndu  r  cn  effet,  l'cs|)dcc 
zwiltcrioniquc  rdsultant  d'un  tel  transfert  d'dicctron  a^ouvent  die  proposdc  coininc 
intcrinddiairc  rdactif  dcs  rdaclions  dc  cyclisation,  Cct  effet  dc  p'lotuslabilisation  scmbic  ctre 
trds  cfUcacc  lorsquc  dcs  gruu|}cinenls  dialkylamino  ou  nicthoxy  sont  ftxds  dircctcincnt  sur  le 
cycle  p-benzoquinone  ct  pourrait  Ctre  im|)ortant  pour  expliquer  la  stabilitd  dc  ccrtaincs 
quinuncs  naturcllcs  tcllcs  quo  Ics  \iln(|uinoncs. 
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INTRAMOLECULAR  PIIOTOCYCLIZATION  OF  SUUSTITUTED 
BENZOQUINONES  :  MECHANISM  AND  INHIBITION  OF  THIS 
REACTION  BY  INTRAMOLECULAR  ELECTRON  TRANSFER 


Ralpli  MARQUARDT  and  Roland  BONNEAU 
UA  348  du  CNRS,  Univ.  dc  Bordeaux  I,  33405  TALENCE  (France) 

Tlie  meclianisni  of  llic  intramolecular  pliolocyclization  of  phenyl-p-benzo- 
quinonc  and  related  compounds  to  give  dibenzofuran  derivatives  was  investigated  by 
laser- Hash  photolysis  and  shown  to  be  the  following  : 


With  the  -R  substituent  being  a  methoxy  group,  the  quantum  yield  of  triplet 
formation  and,  consequently,  the  quantum  yield  of  the  photocyclization  reaction 
strongly  decrease  when  the  solvent  polarity  increases.  This  is  explained  by  a  compe¬ 
tition  between  intcrsystem-crossing  and  intramolecular  electron  transfer  in  the 
excited  singlet' stales. 

This  inhibition  of  the  photorcactivity  of  substituted  benzoquinones  by 
intramolecular  electron  transfer  is  a  quite  unexpected  resuh  ;  a  zwitterionic  species 
resulting  from  such  an  electron  transfer  has  often  been  proposed  as  a  reactive  inter¬ 
mediate  for  the  photocyclisation  reactions.  This  pholostabilisation  process  seems  to 
be  very  effective  in  the  case  of  compounds  where  dialkylamino  or  methoxy  groups  > 
are  directly  attached  to  the  p-benzoquinore  ring.  It  could  be  important  to  explain  the 
stability  of  some  natural  quinones  such  as  ubiquinones.  . 

f' 

} 
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EXCniil)  S'l'A'l'E  PROl'ERTlIiS  OF  PORPHYRIN  IIU'IURO-AGCREGATES 

Iliroslii  Scgnwa.  Cliic  rakclmra,  Kenichi  ilondat  and  Takco  Sliiinidzu 
Kyoto  University,  Kyoto  606  (Japan) 

Tsuyoslii  Asahi  and  Noboni  Mataga 
Osaka  University,  Toyonaka  S60  (Japan) 

Studies  on  excited  state  properties  of  niclalloporpliyrin  dimers  liave  been  prompted  in 
connection  witii  tlie  electron  transrer  function  of  the  special  pair  in  tlie  pliotosyntlietic  reaction 
center.  We  liave  recently  shown  that  eleciron-atttacling  gold  porphyrins  and  electron* 
releasing  zinc  porpliyrins  form  the  lietcro*aggrcga(es  witli  citarge  transfer  interaction  in 
preference  to  tlie  self-aggregates  in  aqueous  solution.^)  Tlie  lietero-aggregates  are  suitable 
for  tlie  systematie  investigation  not  only  on  the  excited  dimer  with  unsymmctrical  electronic 
distrlbulion(2)  but  also  on  the  fundamental  features  in  the  electron  transfer  of  tiglitly  slacked 
donor-acceptor  coniplex.(^)  We  wisli  to  report  the  excited  state  properties  and  the  photo- 
induced  electron  transfer  reactions  of  tlie  porphyrin  hetero-aggregates. 

From  the  pico-second  time- 
resolved  absorption  measurements,  it  was 
assured  that  the  singlet  radical  ion  pair 
was  formed  within  the  laser  pulse 
duration  (fwhm*24ps)  by  the  direct 
photo-excitation  of  the  hetero-aggregate 
with  lower  charge  recombination  energy 
(-AG^)  than  the  triplet  excitation  energy 
(Et).  The  singlet  radical  ion  pair 
returned  to  tiic  ground  slate  liirough  the 
single  exponential  decay  without  any 
dissociation  process.  Tlie  rale  constant 
of  the  cliargc  recombination  (k^g)  of  a 
series  of  hetero-aggregates  with  various 
-AG^  decreases  with  increasing  the 
exotlicnnicity  like  as  the  'inverted  region' 
as  shown  in  Figure. 

(1)  II.  Segawa,  II.  Nisliino,  T-  Kamikawa,  K.  Honda  and  T.  Shimidzu,  Chem.  Lett.,  1917 
(1989). 

(2)  D.  G.  Johnson,  W.  A.  Svec  and  M.  R.  Wasielewski,  Isr.  J.  Chem.,  28,  193  (1988). 

(3)  T.  Asahi  and  N.  Malaga,  J.  Pliys.  Chem.,  93, 6575  (1989);  ibid.  9S,  1956  (1991). 

^  Present  address;  Tokyo  Institute  of  Polytechnics,  Nakano-ku,  Tokyo  164,  Japan. 


Figure.  Energy  gop  ilependcnce  ot  ctmtge 
rccombtnnllon  rale  coiisinni  (ken)  of  radical  Ion 
pair  formed  by  the  pliolo-excllalion  of  ihe 
porphyrin  lieiero-aggregaie  In  aqueous  loluilnii. 
1:  ZnTCPr.AuTMI>yP(4),  2:  ZnTSPP- 
AuTMPyP(4).  3:  ZnTSPP.AuTMPyP(3).  4: 
ZnTCPP-Au'ISPP,  5:  ZnTCPP-AuTCPP,  6: 
ZiiTSPP-AulSPP,  7:  ZnlSPP-AuTCPP,  »: 
ZnTAPP-AulSPP,  9:  ZnTAPP-AuTCPP. 
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ETATS  EXCITES  DE  COMPLEXES  TOLYL-TERPYRIDINIQUES  DE  Fedl),  Ru(ll),  Os(ll). 
TRANSFERT  D'ELECTRON  INTRAMOLECULAIRE  DANS  UNE  DIADE  A  BASE  DE  Os  (II). 

ErliiiOfid  AMOUYAL  el  Mona  BAHOUT 

Labora(olr«  de  Physico-Chimie  des  Rayonnamenta 

URA  du  CNRS  n*  75 

Bit  350  —  Unlverslia  Parl*~Sud  —  91405  lORSAY,  France 


Le  nombra  d'dtudet  photophysiques  el  pholochimiques  de  complexes  polypyridiniques  de 
mdtaux  de  transition  a  augment^  d'une  maniire  impressionnante  en  raison  de  I'aptitude  de 
ces  complexes  it  donner  des  processus  de  Iransfert  d'diectron  ou  trdnergle.  En  effet,  ils 
servant  de  photosensibilisateurs  dans  tea  systimes  modules  de  conversion  photochimique 
de  rdnergie  solaire,  et  sont  des  candidats  potentials  en  tant  que  composants  de  dispositifs 
d'diectronique  moldculaire.  Contrairement  aux  complexes  bipyridiniques  de  Ru(ll)  qui  ont 
fait  Tobjet  de  nombreux  travaux,  tris  peu  d'dtudes  photophysiques  ont  M  consacrdes  aux 
complexes  terpyridiniques  de  mdtaux  de  transition,  probablement  pares  qu'it  temperature 
ambiante  CRu(tpy)2i^*  (ipy  =  2,2*  :  6',2‘'-terpyridine)  et  ses  d<rlv<s  sent  considerds 
comma  non-lumineseents  at  qu'ils  ont  un  4tat  excitd  de  courts  dur<e  da  vie  (I).  Cepen- 
dant,  ces  complexes  prdsentent  une  symdtrie  axiale  quI  est  pr<serv<e  par  substitution  tur 
la  position  4*  du  ligand.  Cette  structure  semble  bien  adaptde  i  la  realisation  de  systemes 
lindaires  pour  des  transferts  d'dlectron  dtriges. 

Dans  ce  travail,  nous  avons  examine  les  propridtes  spectroscopiques  et  photophysiques  de 
complexes  tolyl-terpyridiniques  de  Fedl),  Ru(ll)  et  Os(ll),  Nous  avons,  en  particulier,  de¬ 
termine  par  spectroscopic  par  dclair  laser  les  durdes  de  vie  cl  les  spectres  des  dtats  ex- 
cltds,  et  nous  avons  trouvd  que  COsfCHj-ptpylg]®*  (CFIj-ptpy  =  4’-(p-tolyl)-2,2'  :  6',2"- 
terpyridine)  est  un  chromophora  bildressant  pour  consiruire  des  systdmas  supramoldcu- 
lairas  de  type  diada.  Nous  avons,  par  consequent,  dtudid  la  diade  tICHg-pIpy)  Os(ll) 
(MV‘*-ptpy)]*'^  (2)  comprenant  ce  chromophora  lid  de  fafon  covalente  au  methylviologdne 
MV^'*’  (1,l'-dimeihyl-4,4'-blpyrldinium)  el  examind  rdventualitd  d'un  transfer!  d'dleclron 
Intramoldculaire  pholoinduit. 


(1)  E.  AMOUYAL,  M.  BAHOUT,  Q.  CALZAFERRI  and  I.  KAMBER 
J.  Phys.  Chem.,  in  press 

(2)  J.P.  COLLIN,  S.  GUILLEREZ  and  J.P,  SAUV.AGE 
Inorg.  Chem.  £2,  5009  (1990) 


I 
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EXCITED  STATES  OF  TOLYL-TERPYRIDINE  COMPLEXES  OF  Fedl),  Ru(ll),Os(ll). 
INTRAMOLECUUR  ELECTRON  TRANSFER  IN  AN  Os(ll)-BASED  DIAD, 

Edmond  AMOUYAL  and  Mona  BAHOu  I 

Laboratolr«  da  Phystco-Chlmla  dea  Rayonnaments 
Bit  350  -  Univarsiti  Parta<»Sud  —  91405  ORSAY»  Prance 


The  number  of  photophysical  and  photochemical  studies  of  polypyridine  complexes  of 
transition  metals  has  grown  Impressively,  particularly  because  of  the  ability  of  these 
complexes  to  undergo  electron  or  energy  transfer  processes.  Indeed,  they  are  used  as 
photosensitizers  In  model  systems  for  photochemical  conversion  of  solar  energy,  and  they 
are  potential  candidates  as  components  of  molecular  electronics  devices.  Contrary  to 
bipyridine  complexes  of  ruthenium  (II),  which  have  been  extensively  studied,  only  very  few 
photophysicai  studies  have  been  devoted  to  terpyridine  complexes  of  transition  metals, 
probably  because  CRudpyljl^^  (tpy  »  2,2‘  :  6‘, 2“-terpyridine)  analogues  are  considered 
as  non-lumineseent,  and  because  of  a  very  short  excited  state  lifetime  at  room  tempera¬ 
ture  (1).  However,  these  complexes  exhibit  an  axial  symmetry  which  is  preserved  by  subs¬ 
titution  at  the  4-  position  of  the  ligand.  Such  a  structure  seems  well  adapted  for  construc¬ 
ting  linear  devices  for  directed  electron  transfer. 

In  the  present  work,  we  have  studied  spectroscopic  and  photophysicai  properties  of  to- 
lyi-terpyridine  complexes  of  Fe(ll),  Ru(ll)  and  Osdl).  In  particular,  we  have  determined  by 
laser  flash  spectroscopy  the  lifetimes  and  spectra  of  the  excited  states  and  find  that 
C0s(CH3-ptpy)2l^'  is  an  Interesting  chromophore  for  constructing  and  studying  supra- 
molecular  systems  of  diad  type.  We  have  therefore  examined  the  dlad 
CCH3-ptpy)0s(ll)(MV^*'-ptpy)]*'*  (2)  containing  this  chromophore  covalently  linked  to 
methylvlologen  MV^*  (l,1'-dimetyl-4-4’bipyridinium)  and  are  considering  the  possibility  of 
a  photoinduced  intramolecular  electron  transfer. 


(1)  E.  AMOUYAL,  M.  BAHOUT,  G.  CALZAFERRI  and  I.  KAMBER 
J.  Phys.  Chem.,  in  press 

(2)  J.P.  COLLIN,  S.  GUILLEREZ  and  J.P.  SAUVAGE 
Inorg.  Chem.  22,  5009  (1990) 
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EFFECTS  OF  SUBSTITUENTS  AND  SALTS  ON  ISOMERIZATION  OF 
STILBENE  CATION  lUVDICALS 

Ilirocliika  S.ikuragi.  Yasunao  Kuriyaina,  Tatsuo  Aral  and  Kalsunii  Tokuniaru 
Department  of  Chemistry,  University  ofTsukuba,  Tsukuba,  Ibaraki  30S,  Japan 

I1ie  efficiency  of  unimoiccular  cis-)trans  conversion  of  cation  radicals  of  stilbcne  deriva¬ 
tives  depends  upon  the  substituents  on  the  phenyl  rings,  and  tlie  cation  radicals  of  c/5-4,4'- 
dibromo-  and  c/r-4,4'-dimethylsliIbcne  were,  when  generated  by  secondary  electron  uansfer, 
converted  unimolecularly  to  those  of  the  corresponding  rra/ir-stilbenes  in  high  quantum  yields 
at  ambient  temperature.*)  However,  the  stilbenc  cation  radicals  have  been  reported  not  to 
undergo  cis-»trans  conversion  in  the  100  /is  range.^)  We  now  wish  to  report  the  effects  of  salts 
on  the  cis-»trans  conversion  of  stilbene  cation  radicals,  as  observed  by  transient  spectroscopy 
and  on  steady  irradiation. 

The  cation  radicals  of  c/r-  and  rranr-stilbenes  were  generated  by  9,10-dicyanoan- 
thraccne/biphenyl  co-sensitization  in  acetonitrile  with  42S-nm  laser.pulse  in  the  absence  and 
presence  of  salts  such  as  LiCI04,  NaCI04,  Mg(CI04)2, Et4NCI04.  In  the  absence  of  salts 
c/r-stilbene  cation  radicals  decayed  with  bicomponent  kinetics  of  the  Erst  and  second  order,  as 
monitored  at  SIS  nm,  and  no  absorption  band  ascribable  to  /raar-stilbene  cation  radicals  was 
observed.  However,  in  the  presence  of  LiCI04,  the  decay  followed  bicomponent  first-order 
kinetics,  and  an  absorption  band  due  to  the  resulting  rra/u-stilbene  cation  radicals  appeared  at 
47S  nm.  Activation  energies  for  the  decays  of  the  fast  and  slow  components  were  detennined 
to  be  4  and  2  kcal  moh*,  respectively.  The  former  value  is  in  the  same  range  as  those  for  uni- 
molecular  cis-rtrans  conversion  of  the  cation  radicals  of  the  4,4'-disubstitutcd  stilbenes  in  the 
absence  of  salts,  and  tlie  latter  value  is  similar  to  that  of  the  decay  of  rrnm-stilbenc  cation  radical 
in  die  presence  of  LiC104.  The  activation  energies  for  cis->trans  conversion  of  cir-4,4'-dibro- 
mostilbcne  cation  radicals  were  7  and  4  kcal  nx)!-*  in  the  absence  and  presence  of  LiC104. 

Tlicsc  results  suggest  that  the  cis-rtrans  conversion  of  stilbenc  cation  radicals  emerges  on 
account  of  tlie  effect  of  salts  reducing  the  rate  of  back  electron  transfer.  Detailed  isomerization 
mechanisms  will  be  discussed. 

1)  Y.  Kuriyama,  T.  Aral,  H.  Sakuragi,  and  K.  Tokumaru,  Client. .  '.v.,  Lett.,  173,  253 

(1990), 

2)  F.  D.  Lewis,  R.  E.  Dykstra,  I.  R.  Gould  and  S.  Farid,  J.  Phys.  Chem,  92, 7042  (1988). 
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DETERMINATION  EXPERIMENTALE  DB  LA  CONSTANTE  Al'PARENTE 
DE  PORMATION  OE  LUXCIMERE  DU  1.2-UENZANTimACENE. 

Jean  Duhanict,  MiclicI  Douchy,  Prancis  Boros,  Samar  Snclibini  cl  Jcan-Claudc  Amiri 
GRAPP  lie  r  UA  328  ilu  CNRS,  ENSIC,  1  rucCtaiiavillc  DP  4S I ,  S40U1  Nancy  Cedex,  (France) 

Lc  cas  dcs  riaciiona  avec  ronnaiion  el  dissocinlton  d'cxcimircs  imctmoliculaircs  a  fail  I’objcl  d'un  grand 
nombio  d'iiudca  torsquo  la  consunio  do  dUsoclaiion  k.|  esi  pcUle  devani  la  consionlo  dc  rormation  k| .  Solon 
la  valour  du  cocfflclenl  do  dUrusion,  la  constante  apparenio  dc  fonnalion  cil  alon  soil  une  fonciion 
ddcroissonio  du  icmps  (inodblo  do  Smolucliowsk!},  soil  une  viriublo  consuuile  (modble  ciniilquo  do  Dbks), 
Nous  nous  iniircssons  ici  au  cos  du  l,2>benzanihrac6no  dans  dos  solvants  vlsqucux,  pour  icquet  la  consuinic 
dc  dissoeiaiion  n'esl  plus  pciiio  par  rapport  k  la  conslanie  do  foimalion  (elle-mfime  grossibrcmcni 
propoflionnollc  au  cocfncicnl  do  dlrfusion). 

Un  modtto  r£ceni(^)  a  monlri  quo  la  conslanie  apparenio  dc  formniion  do  I'cxcimbre  csi  alors  une 
fonciion  coinplexo  du  lemps,  dicroissanic  aux  icmps  iris  courts,  puis  croissantc.  Lo  but  do  ce  Iravail  imni 
d'obtcnir,  sans  a-priori,  la  constontc  apparenio,  nous  avons  divcioppi  une  mithodc  dc  diconvolution  k  partir 
dc  sitics  d'cxponcnUelles  cl  dcs  mulliplicaicuts  do  LagnngcC^).  Les  diclins  expirimcniaux  do  nuorescence  du 
monomiro  cl  do  i'excimire  ont  iti  obtenus  par  la  technique  do  compiage  do  photon  unique,  cn  utJlisant  un 
loser  comme  source  picosccondc.  Apris  diconvotuiion,  uno  midiodo  analyiique  nous  a  permit  dc  calculer  la 
durie  do  vie  do  I'excimirc  cl  la  conslanie  apporente,  Commo  on  peut  Ic  consuitcr  sur  la  figure  ci-dessous, 
I'ivolulion  leniporcllc  dc  cclie  derniire  cst  scnsiblctncnt  identique  a  ccllc  privue  par  Ic  modiks. 


Conslanie  apparenio  do  fonnaiion  do  I'cxcimite  du  1,2-bcnzanihraccnc  dans  divers  solvanis , 
a)  cyclolicxano,  b)parafrinc/cycloliexane,  c)parafnno 

(1)  J.C.  Andre,  F.  Baros  cl  M.A.Winnik,  J.Phys.Clicm.  1990  21  2942-2948. 

(2)  J.C.  Andre,  M.  Douchy,  J.  Duliamci,  F.  Daros  ct  W.  Dong,  Modelling  and  Simulation  Inu  Symp., 
Crindclwald  (1989),  414-417. 
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EXPERIMENTAL  DETERMINATION  OP  THE  APPARENT  RATE  CONSTANT 
IN  THE  CASE  OF  THE  FORMATION  OP  BXCIMER  OP  I  ^-BENZANTHRACENE, 


Jean  Duhomel,  Michel  Bouchy,  Francis  Baros, ! 


i-Claude  Andri 


GRAPP  of  UA  328  of  CNRS,  ENSIC,  I  rue  Crandville  DP  4SI ,  S400I  Nancy  Cedes.  (France) 

The  case  of  reactions  with  excimer  (ormation  and  dissociation  has  been  widely  studied  when  the  rate  of 
back-reaction  is  negligible  compared  with  the  rate  of  formation.  Then,  according  to  the  vaiue  of  the  diffusion 
coefncicnt,  the  appatent  rate  constant  is  a  decreasing  function  of  time  (model  of  Smoluchowski)  or  an  actual 
constant  with  respect  to  the  time  (kinetic  model  of  Dirks).  We  examine  here  the  case  of  i,2-benxanthracene 
in  viscous  solvents,  for  which  the  rate  constant  of  dissociation  k.j  is  no  more  negligible  compared  with  the 
rate  consuint  of  formation  k  j  (roughly  proportional  u>  the  diffusion  coefnelent). 

A  recent  model  has  shown  that  the  apparent  mie  constant  of  excimer  formation  Is  now  a  complex 
function  of  time,  decreasing  at  short  time  and  then  increasing.  The  aim  of  this  work  was  lo  get.  without  any 
a-priorl,  the  apparent  rate  constant.  Thus,  we  have  developped  a  deeonvoluUon  method  based  on 
muliiexponential  scries  and  Lagrange  muldpliers^^).  Experimental  determination  of  the  fluorescence  decays 
of  both  monomer  and  excimer  was  made  using  the  single  photon  eoundng  technique  with  a  picosecond 
laser  as  a  source.  After  deconvolution,  an  analytical  method  allows  us  to  compute  the  lifedme  of  excimer 
and  the  appatent  rate  constant ,  As  seen  on  the  following  figure,  the  recovered  apparent  mte  constant  has  the 
same  behaviour  in  time  as  the  one  predicted  by  the  diffusional  model. 

K1 

(ttMjis)  ■)  b) 


0  SO  100  150  200 

lime  ( ns ) 

Apparent  rate  constant  of  formation  of  excimer  of  1.2-bcnzanthracene  in  diffcicnt  solvents 
a)  cyclohexane.  b)poraf(inA:yclohexane,  c)patarnn 


(1) J.C.  Andre,  F.  Baros  and  M.A.Winnik.JJhys.Chem.  1990  21  2942-2948. 

(2)  J.C,  Andre,  M.  Douchy,  J.  Duhanicl,  F.  Baros  and  W,  Dong,  Modelling  and  Simulation  Int.  Symp., 
Grindclwald(1989).414u|l7. 
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I'llOTOTIlANSFOKMATION  dc  I’llYDROQUlNONlj  cn  SOLUTION  AQUEUSE 

P.  UOULE.  A.  ROSSI  ami  J.F.  PILICIIOWSKI 
Labomioirc  dc  I’holocldinle  Moicculaire  ct  Macroniolcculaire  (UKA  CNKS  433) 
UiiivctsitcUlaisePascal(Ciennoii(*rcrraiid),  F-63177  Aubicre  Ccdcx  (France) 


11  cst  bicn  connu  quc  rirrudialion  dc  riiydroquinonc  (QII2)  cn  solution  nqucusc  acrcc 
conduit  a  la  rormation  dc  bcnzoquinonc  (Q),  alors  qu'll  sc  rormc  du  2,2',S,S'> 
tctraliydroxybiphcnyle  (TllUP),  avcc  un  rcndemcnt  quantiquc  trcs  falbic  2.10*)),  lorsquc 
QlUcst  cxcltcc  cn  solution  degozfc.  Le  travail  present^  tel  a  permis  (Tctablir  quo : 

•  e/i  absence  d’  oxygine,  Qllipcul  etre  plioto-oxydec  cn  Q  par  Ics  ions  nitrate  et  quc  la 
formation  dc  THEP  results  d'une  photoreaction  dc  QIU  avcc  Q,  reaction  qui  cst  favorlsee  par 
une  augmentation  dc  pU  .  L'erfet  dc  concentration  ct  I'inhlbition  par  t'oxygciic  permettent  dc 

penser  quc  la  formation  dc  TllUP  cl  la  majeur  panic  dc  I'oxydalion  par  NOj  fait  tnlervenir 
I’clat  excite  triplet  dc  I'liydroquinone  (iQlli*).  Celle  conclusion  cst  conflrindc  par  I'effel 
inhibileur  du  3'cliloroplicnol  (CIP).  En  effci,  lorsquc  QII2  cst  excitce  cn  presence  dc  CIP,  la 
principalc  reaction  observee  cst  la  fomiation  dc  resorcinol,  el  cclie  reaction  cst  cxpitquie  par  un 

transfen  d'energic  deXjlh*  vers  CIP. 

•  en  solution  adric,  QII2  cst  Iransformcc  en  Q  et  en  hydroxybenzoquinone  (QOII),  le 
rapport  Q/QOll  clani  voisin  de  2.  De  i'eau  oxygence  (11202)  sc  forme  cgaleincnt,  el  sa 
concentration  esi  analogue  a  ccllc  dc  Q,  Aucunc  innucncc  signiricalive  dc  CIP  sur  la  vilcsse 
d'oxydalion  dc  Ql  I2  n'a  cle  observee,  cc  qui  aincne  a  conclure  quc  cctle  oxydalion  se  produit  a 
partir  dc  i'clal  excite  singulct  ct  quc  I'oxygene  agil  principalement  comme  capicur  (fclcclron  (ou 

dc  U*).  L'oxydalion  dc  3Qib*  par  I'oxygene  ct  la  capture  d'clcciron  par  Ics  ions  NO}  peuveni 
cependani  inlervcnir  dans  une  faible  incsurc. 

<Q  +  1I-02 

QOII  +  II2O 

I  NO) 

—7^- - Q+  NO2  ♦  II2O 


/  1: 

II2  Y 


[Complcxc] 


Resorcinol 


Autres  produils 
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PIIOTOTRANSFORMATION  of  IIYDROQUINONH  In  AQUEOUS  SOLUTION 


P.  nOin.R.  A.  ROSSI  and  J.F.  PILICIIOWSKI 
Laboratoire  de  Pliolochimie  MoUculaifc  el  Mocroinoldculalre  (URA  CNRS  433) 
Univerailc  nialse  Pascal  (Clennonl-Ferrand),  F>63 177  Aubiere  Cedcx  (France) 


It  is  well  known  that  the  Irradiation  of  hydroquinone  (Qlh)  in  air  saturated  aqueous 
solutions  leads  to  benzoquinone  (Q),  whereas  2,2\S,5'>tetrahydroxybiphenyl  (TUB?)  is 

formed  with  a  very  low  quantum  yield  (<  2.IO->)  wlien  QII2  is  excited  In  degassed  solution.  In 
tlie  present  work  it  is  established  tliat : 

•  In  the  absence  of  oxygene,  QII2  can  be  photo-oxidized  into  Q  by  nitrate  ions  and 
tiiat  the  formation  ofTIIDP  results  from  a  photoreaction  of  Qlh  withQ  favoured  by  increasing 
pH.  From  the  concentration  effect  and  the  inhibition  by  oxygene,  it  can  be  suggested  that  the 

formation  of  TI  IBP  and  tlie  major  part  of  the  oxidation  by  NOj  involve  tlie  excited  triplet  state 
of  hydroquinone  (iQHi*).  This  conclusion  Is  confirmed  by  the  Inhibiting  effect  of  3- 
chlorophenol  (CIP).  Wlien  Qll]  is  excited  in  tlie  presence  of  CIP,  the  main  reaction  observed  is 
the  formation  of  resorcinol  and  this  reaction  can  be  explained  by  an  energy  transfert  from 

JQlIi*  to  CIP, 

•  In  air  saturated  solution,  Qlh  is  converted  into  Q  and  hydroxybenzoquinonc 
(QOII).  The  ratio  Q/QOll  2.  Hydrogen  peroxide  (IhOz)  is  also  fomied  and  its  concentration 
is  similar  to  tlie  concenlration  of  Q.  No  significant  influence  of  CiP  is  observed  on  tliis  reaction 
and  it  can  be  assumed  that  tliis  oxidation  involves  a  plioto-ionisation  of  tlie  excited  singlet  state 

and  tliat  O2  muiiily  reacts  as  an  electron  (or  11’)  quencher.  Oxidation  of  }Qil2*  by  02and 
electron  quencliing  by  NOJ os  minor  patliways  cannot  be  excluded. 


Q  ^ 


NOT 


I  Qlh* 


3  Qlh* 


Qir  +  c"  +  ir  J 


<U  +  1121. 

<  0011  + 


Nor 


(2) 


THBP 


A  h'  V 

Qlh 


011- 

CIP 

(Complcxl 


>CIP* 


Q  +  IhO: 

QOII  +  1130 
Q+  NO:"  ♦  ihO 

Rirsorcinol 


Otiicr  prodiict.s 
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PHOIO-CIDNP  HE  COMPOSES  PHOTOCHROMES, 

FronQoise  Rielsch,  Jean  Mario,  Jean-Mane  Aubry  el  Gaston  VenneertcM 
LIRA  CNRS  35 1  .Faculle  tie  Pharmacia,  S90-T5  -  LILLE-CwJex  (France) 


Les  endoperoxydes  d'hydrocarbures  aramaliques  constituent  des  systemes  photochromes 
hautement  reversibles.  Oeux  types  de  reactions  sont  generolement  impliquces  dans  la  photrehimie  ds 
ces  ddrivis ;  une  photocyclor^erslon  selon  un  prxessus  concerts  et  une  Tragmentatlon  resultant  d  une 
rupture  homolyttquedu  pont  peroxyde,  tmpliquantun  tntermMiairedecourtedurtedevietl^ 

Nous  avons  etudie  par  photo-CIONP  (*H  at  l^c)  la  comportement  photxhimique  (Fun  compose 
mcdcic :  I'andopcrcxydc  du  9,IO-diptinylonthrucine(DPA02).  La  photodegredation  de  ce  dernier  est 
parTaltement  dderttedans  la  IlUirature.  Les  diff^ents  photoprodults  ont  eti  Isolds  et  caract6risAs(^^ 
Notre  but  etait  de  mettre  en  nidence  les  interm^iaires  radicalaires  suggeru  par  les  auteurs  et 
d'apporter  des  elements  nouveeux  au  mkanisme  de  la  photod^odation. 

Nos  experiences  ont  ete  e((ectuees  dans  des  tubes  RMN  de  5  mm  avec  des  solutions  denaeees  de 
OPAO2  ( 10*3  M)  dans  racetontlrlle.  Nous  avons  constate  par  CLHP  que  tous  les  photoprodults  dterlts 
par  Rigaudy  et  coll.(3)  etaient  presents  dans  notre  milange  riactionnel  apres  I’irradiation  lumineuse. 
Les  effets  cte  CIONP  observes  necessitent  la  presence iFesu  {i]%)  dans  le  solvant  et  ne  concernent, 
cependant,  que  deux  composes le  phenol  et  la  9-hydroxy  9-phenylonthrone  (HPA),  O’eutre  part,  les 
polarisations  sur  HPA  sont  Inversies  lorsque  les  radiations  de  longueur  d'onde  Inierleures  d  350  nm 
sont  filtrees. 

Nos  resultats  conduisent  aux  conclusions  suivantes ; 

-  Les  formations  du  phenol  et  de  HPA  resultent  du  pldgeage  de  rediceux  par  une  molecule  d'eau. 

-  Le  mteanisme  de  formation  de  ces  deux  dirlvte  depend  de  Is  longueur  d'onde  iFIrradlallon. 

-  Nous  n'avons  pu  obtenir  aucune  preuve  directe  (fun  prkurseur  biradicalsire.  Cependant,  lors  de 
rirradiatlon  avec  le  flllre  nous  avons  delecM  transitolrement  les  signaux  RMN  d  un  bisepoxyde. 

-  L'epplicstion  de  la  rigle  de  Kaptein  relative  h  I'effet  net  nous  permel  de  proposer  I'intervention  de 
deux  palres  radicalaires  dtrrirenles.  AlnsI  HPA  serslt  formi  b  partlr,  soil  dun  radical  9- 
phenylanlhrone9-yl,  soil  (Fun  radical  9,10-dihydroxy  lO-phenylanthrone  9-yl.  Le  phenol,  quant  b 
lui ,  serait  forme  dans  les  deux  cas  a  partlr  du  memo  radical  phenoxy.  La  premibre  pairs  rbsulterail  du 
reerrsngement  d'un  biredical  issu  d  une  rupture  homolytique  du  pont  peroxyde  de  DPAO;  dans  un  elst 
excitb  singulet.  La  seconds  patre  pourratt  provenir  (Fune  rbactlon  secondaire  enlre  le  phbnol  et  HPA. 

Ces  effets  de  CIONP  ne  sont  pas  observes  dans  le  cas  d'endoperoxydes  aromatiques  possbdant  un 
rendement  eleve  de  photocycloreversion. 

( 1 )  Jesse  K,,  Marker!  R.,  Comes  F.J.,  Schmidt  R.  el  H.D.  Brauer,  Chem.  Phys,  Letters  95- 
100  ( 1990).-  (2)  Rigaudy  J,. Scribe P.  elC.  Breliere,  Tetrahedron  JZ,  2589-93  ( 1981 ). 
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PHOTO-CIDNP  OF  PHOTOCHROMIC  COMPOUNDS. 

Fran(?)iS8  Rietsch ,  Jean  Marko,  Jean-Marie  Aubry  and  Gaston  Vermeersch 
URACNRS  351 ,  Faculte da  Pharmacie,  59045  -  Lille cedex  (France) 


Endoperoxides  oi  arometic  hydrocarbons  are  known  to  be  components  of  highly  reversible 
photochromic  systems.  Photxhemistry  of  these  endoperoxides  generally  proceeds  .through  a  dual 
pathway;  a  concerted  cycloreversion  and  a  fragmentation  which  should  Involve  a  short-lived  reaction 
intermediate,  probably  resulting  from  homolytic  cleavage  of  the  peroxide  bridge^!). 

We  have  reinvestigated,  by  means  of  photo-CIDNP,  the  photxhemical  behaviour  of  a  model 
compound,  tne  endoperoxide  of  9,10-diphenylanthracene  (OPAO2).  The  photodegradation  of  the  latter 
compound  Is  a  well-documented  reacllon^^).  All  the  photoproducts  have  been  Isolated  and  characterized 
by  different  analytical  techniques.  Our  aim  was  to  provide  some  evidence  for  the  radical  intermediates, 
which  were  tentatively  proposed,  and  to  gel  a  deeper  insight  on  the  mechanism  of  the  photodegradation. 

Typically,  'H  and  '^C  CIDNP  spectra  of  OPAO2  ( 10'2  M)  were  run  in  degassed,  wet  ( I SJ  H2O) 
acetonitrile  solutions.  As  checked  by  HPLC,  all  ttie  derivatives  described  by  Rlgaudy  et  al.  (2)  were 
present  in  the  NMR  sample  after  irradiation.  Among  them,  nevertheless,  only  phenol  and  9-hydroxy 
9-phenylanthrone  (HPA)  exhibit  strong  nuclear  polarizations.  The  latter  are  not  longer  observed 
when  dry  acetonitrile  is  used.  When  the  solutions  are  irradiated  through  a  glass  filter  cutting  off  the 
wavelengths  under  350  nm,  the  polarizations  on  HPA  were  Inverted. 

Our  present  results  can  lead  to  the  following  conclusions; 

-  The  formations  of  phenol  and  HPA  result  from  trapping  of  a  radical  pair  by  a  molecule  of  water. 

-  According  to  the  irradiation  wavelength,  two  different  pathways  are  implicated. 

-  No  direct  evidence  is  found  for  a  bIradical  precursor.  Nevertheless  the  NMR  spectrum  of  an 
intermediate  bisepoxide  was  observed  during  the  irradiation  through  the  filter. 

-  Considering  the  magnetic  parameters  (g-factors,  hyperfine  coupling  constants)  of  the  different 
radicals  that  could  be  involved  in  the  reaction,  in  agreement  with  the  Kaptein  rule  end  the  relative 
Intensities  of  the  polarized  signals,  two  radical  pairs  are  proposed  depending  on  the  Irradiation 
wavelength.  In  both  cases  a  phenoxy  radical  is  the  precursor  of  phenol.  HPA  is  formed  either  from  a  9- 
phenylanthrone  9-yl  radical  or  a  9.10-dihydroxy  lO-phenylanthrone  9-yl  radical.  The  first  pair 
would  result  of  the  rearrangement  of  a  biradicat  due  to  an  homolytic  cleavage  of  the  peroxide  bridge  in 
DPAO2  In  Its  singlet  excited  stale.  The  second  pair  could  be  generated  by  a  secondary  reaction  between 
phenol  and  HPA. 

A  similar  stud/  was  done  with  two  other  endoperoxides  end  we  have  noted  that  no  CIDNP  effxt 
was  observed  for  the  derivatives  with  a  high  rale  of  photocycloreversiblllty. 

-  ( I )  Jesse K.,  Marker!  R., Comes  F.J.,  Schmidt  R.  and  H.D.  Brauer,  Chem.  Phys.  Letters  166. 
1 , 95- 1 00  ( 1 990).-  { 2)  Rigaud/  J. ,  Scribe  P.  and C.  Breliere,  Tetrahedron  17,  2589-93  (1981). 


11-68 


REACTION  PRODUCTS  AND  POSSIBLE  TRANSIENTS 
FROM  PHOTOLYSIS  OF  MATRIX-ISOLATED  FURAN-2,3  DIONE 

DERIVATIVES 


Mohamed  HNACH,  Jean-Plerre  AYCARD  and  Patrick  VERLAQUE 
University  de  Provence,  URA  CNRS  773,  Case  542 
13397  MARSEILLE  Cedex  13,  FRANCE. 


5-phenyl-furan-2,3-dione  1  and  ben20furan-2,3-dione  2  trapped  at  low 
temperature  (T<  30  K)  in  rare  gas  matrices  or  in  KBr  matrices  (78  S  T  S  300  K)  were 
irradiated  at  X  ^  335  nm  or  X  >  230  nm.  The  reaction  products  were  monitored  by  high 
resolution  FT-IR  spectroscopy. 


Each  photolysis  experiment  at  X  ^  335  nm  (15  £  T  S  78  K)  gives  carbon  dioxide 
(V  =  2377  cm*'')  and  a  product  presenting  an  absorption  band  at  2140  cm*''  assigned  to  a 
ketene  stretching  vibration  (vCaCsO) ;  this  product  disappears  when  temperature  raises 
up  to  200  K  (KBr  matrices).  Both  reactant  concentrations  obey  a  first  order  kinetic  law 
(k=  2.3-2.8.10*5  s*''). 

Further  irradiation  at  X  ^  230  nm  increases  the  rate  of  photolysis  (k  =  4-6.10*5  s*'') 
and  leads  to  IR  absorption  appearance  in  the  range  2148-2132  cm*''  ;  the  new  bands  are 
assigned  to  carbon  monoxide.  In  the  case  of  2,  a  competitive  process  occurs  (lost  of  CO) 
and  transient  species  3  and  4  were  identified  in  the  reaction  mixture  (v  =  2112-1650 
and  1900  cm*''  respectively).  The  assumption  of  transient  5  (benzyne)  is  supported  by 
observation  of  a  band  at  2080  cm*'  which  grows  during  photolysis. 

These  photochemical  results  will  be  compared  with  thermolysis  mechanism. 


3 


4 


5 
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ON  THE  ELECTRONIC  SPECTRUM  AND  PIIOTOPIWSICS 
OF  MICHLER'S  IIXDROL  DLUE  (MRU) 

I.  Baraldi,  A.  Carnevali,  P.  Momicchioli  and  G.  Ponterini 

Department  of  Chemistry,  University  of  Modena,  Italy 

MUD,  wliich  is  the  most  typical  diphenylmethane  dye. 


has  long  been  studied  with  special  reference  to  its  structural 
and  spectroscopic  properties.  Certain  bridged  analogues  of  MUD, 
in  which  the  aryl  groups  are  not  free  to  twist  about  the 
central  bonds,  are  known  to  be  intensely  fluorescent  unlike  the 
"non-f luorescent"  unbridged  compound.  The  absorption  spectrum, 
on  the  other  hand,  is  very  little  affected  by  bridging.  From 
these  observations  MHB  is  expected  to  be  nearly  coplanar  in  the 
ground  state,  while  in  the  first  excited  singlet  state  out-of¬ 
plane  twisting  of  the  six-raembered  rings  should  occur  quite 
easily,  thus  providing  an  efficient  channel  for  the  non- 
radiative  relaxation.  In  an  attempt  to  verify  the  reliability 
of  these  hypotheses  we  have  carried  out  a  theoretical  CS  INDO 
study  on  MHB  concerning  the  ground-state  conformation,  the 
electronic  S  -S  and  transitions  and  the  potential  energy 

curves  for  the  Sorsion  about  one  central  bond  in  the  ground 
state  and  the  lowest  excited  states  (T^,  T^,  S^^).  The 
intersystem  crossing  was  also  investigated  by  calculating  the 
pertinent  spin-orbit  coupling  terms  between  and  the  nearest 
triplet  (T^)  at  different  values  of  the  twisting  coordinate. 

The  calculation  results 'show  that  both  the  spectroscopic 
properties  and  the  photophysical  behaviour  of  MUD  can  be 
explained  by  its  near  relationship  with  tlie  simple  nonamethine- 
cyanine  chromophore. 

An  experimental  investigation  on  the  emission  properties 
and  the  triplet  formation  quantum  yield  of  MHB  is  in  progress, 
aiming  to  better  discriminate  between  the  intersystem  crossing 
and  the  internal  conversion  from  a  twisted  conformation  as  the 
preferred  excited-state  deactivation  pathway. 
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FLUORBSCHIT  PnOTOCUROKIC  SYSTHKS 
S.Jone6  and  P, Douglas 

Chemistry  Department,  University  College  of  Swansea, 
Singleton  Park,  Swansea,  SA2  6PP,  U.K.; 


Fluorescent  photochromies,  i.e.  non-fluorescent  materials  which  reversibly 
produce  highly  fluorescent  materials  upon  Irradiation,  may  offer  some 
advantages  over  absorption  photochromies  because  of  the  ease  of  detection  of 
fluorescence., 

Ve  have  shown  that  this  can  be  achieved  using  two  very  different 
photocbromlc  systems,  and  In  this  report  we  provide  details  of  the 
photochemistry  and  thermal  chemistry  of  these  systems. 
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I'KUrOHATlUH  AMD  I’HOTOClinKlirXKT  OP  A 
PirKAZOU)TK!AZULK  AZOXIsTlllJIli  DIG 
C.Cuuluic  and  I’.DuuglaG 

Cheralslry  Departiacnt,  Unlvorslty  College  of  Swansea, 
Singleton  Park,  Swansea  SA2  OPP,  U.K. 


Pyrazolotrlazole  azoigethlne  dyes  are  Image  forming  materials  in 
conventional  colour  photography,  and  as  such,  the  colour  of  the  dye  is  of 
critical  importance.  The  behaviour  of  the  azomethine  dye  shown  in  figure  1 
has  been  studied  over  a  wide  range  of  acidity  in  non-aqueous  solvents  using 
UV  absorption,  flash  photolysis,  MI  MMR  and  '^C  NHR.  Absorption  studies 
(figure  2>  reveal  the  formation  of  both  a  monocation  and  a  dication,  with 
absorption  maxima  at  =600  nm  and  640  nm  respectively,  as  the  acidity  is 
increased.  Analysis  of  the  NHR  spectra  of  the  dye  in  CDCla/CFaCOOH  mixtures 
suggests  that  the  nitrogen  of  the  imine  group  is  protonated  first  at  an  acid 
concentration  of  »  10-=  H,  with  the  second  protonation  at  the  amino  group 
evident  at  an  acid  concentration  of  «  i  H,  Flash  photolysis  of  the  dye 
solution  produces  a  mixture  of  syn  and  anti  isomers  which  thermally  back 
reacts  to  give  the  initial  isomer  composition  over  a  period  of  ■  1  s  in 
neutral  solvents.  The  rate  of  this  first  order  process  is  very  dependent 
upon  the  proton  concentration,  and  increases  by  about  three  orders  of 
magnitude  os  the  proton  concentration  is  Increased  from  10"^  to  10-“  K  in  an 
ethanol/water  mixture  <9/1  v/v),.  The  dlcationic  form  of  the  dye  is  unstable 
to  hydrolysis  in  hydroxyllc  solvents.. 
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EVIDENCE  FOn  TWO  CnOUND  STATE  CONFOUMEnS  OF 
TETHADEN20 [ a , cd , f . Im 1 PEHYLENE 

J.  Waluk\  J.  Mlchl^  and  J.  Fetzcr^ 

'institute  of  Physical  Chemistry,  Polish  Academy  of  Sciences,  01-224 
2 

Warsaw,  Poland;  Department  of  Chemistry  and  Dlochemlstry,  University  of 

3 

Colorado  at  Boulder,  Boulder,  Colorado  80309-02 IS, USA;  Chevron  Research 
and  Technology  Company,  Richmond,  California  94802-0267,  USA. 

Two  Isomeric  tetrabonzo  derivatives  of  perylene,  tetrabenzo[a,cd,f, Im)- 
perylene  (1)  and  tetrabenzola,cd, J, Imlperylene  (2)  were  studied  by  elect¬ 
ronic  spectroscopy  In  solutions,  glasses  and  Ar  matrices.  The  analysis  of 
absorption,  fluorescence,  fluorescence  excitation  and  magnetic  circular 
dlchrolsm  ,(MCD)  spectra  suggests  that  In  room  temperature  solutions  two 
different  conformations  of  1  are  present,  of  which  only  one  Is  fluore¬ 
scent.;  For  2,  only  one  form  Is  observed. 

The  results  of  molecular  mechanics  calculations  are  consistent  with 
these  findings,  predicting  for  1  two  conformers  with  similar  energies.-  In 
2,  the  computed  energy  separation  between  two  low  energy  forms  Is  higher. 
All  of  the  calculated  structures  are  strongly  non-planar. 


1 


2 
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ETUDli;  PAR  SPECTIIOSCOPIE  RESOLUE  EN  TEMPS  D’UN  TRANSFER'!' 

DE  PROTON  INTRAMOLECULAIRE  DEPENDANT  DU  SOLVANT 
CAS  DE  DERIVES  DU  »IS-OXA'AOI,E 

A.U.  Aciifia’,  F.  IlciscI,  J.A.  Michc,  M.  Sowii'iskii'* 

Croupe  d'OiJliquc  Applicpicc,  Cciilrc  tie  Rccitcrclics  Nucleiiircs 
07200  Strasbourg,  France 

’’armi  les  coinpobos  (lunnanl  lieu  a  uii  traiisfcrl  de  prulou  inlrainolcculaire  <i  Petal 
excite  (ESIPT),  certains  derives  du  bis-oxazolc  constituent  tics  exceptions  pour  Ics- 
(lucllcs  Poltservaliun  d’une  lluorcscence  duatc  (priinaire  ct  lanloincri(|Uc)  a  cle  rapportee 
des  1983*‘),  cc  tpii  a  dunne  lieu  a  diffcrenlcs  controverscs.  Nous  avons  eludic,  |>ar  spcc-- 
troscopie  stalionnaire  cl  resoluc  en  temps,  I'inllnence  dn  sulvanl  cl  tic  la  temperature  sur 
les  prupriclcs  photophysiriues  du  2,5-bit-(bcnzuxazoly'.)'‘l-mclli(>xyplicnul.  Deux  bandes 
d'.'missiui-.  out  .oujours  etc  obscrvecs,  ccllc  prcsenlan.  in  important  dcpiaccmcnt  de  Sto¬ 
kes  el  due  a  ’clal  de  transfert  de  proton  ctant  la  plus  intense  el  se  dcpla^ant  Icgcremcnl 
vers  Ic  rouge  pour  ties  nularites  croissanles  du  solvanl. 

Dans  d  s  solvauls  alipliatiques  (melliylcyclolicxane,  pentane,  2-mclbylbulnnc,  1- 
2  dichloroelluuie),  les  courbes  de  declin  rclevces  dans  les  deux  baiidcs  indiquent  iju’un 
etiuilibre  s’etablil  cnlrc  les  deux  clats  excites  :  les  conslantes  dc  declin  sont  de  I’ordre  tie 
S  ns  a  22^0  ct  augmcnlcnt  si  on  rcfroitlit  la  solution.  Dc  la  variation  avee  la  temperature 
du  rapport  ties  intensites  emiscs  par  les  formes  tautomcri(|ue  et  initiale,  on  a  deduit 
le  changemeut  d'enthalpic  a  Petal  excite  (as  l,6kcalM"*  dans  Ic  melliylcyclolicxane). 
Dans  lc,l-2  dichloroeliianc  {«  =  10,3),  la  reversibilile  est  fortement  red  iMe  (iluoresccncc 
de  Petal  ESIPT  a:  70  fois  plus  elevee  n  22®C!  que  cellc  etnise  dans  la  bande  “bleue", 
ce  rapport  etanl  voisin  tie  2  dans  ic  melliylcyclolicxane)  cl  le  ti’kiin  de  la  baiitlc 
“bleue”  presente  tine  impoitante  composaiile  rapidc  (a:  1,2ns)..  Une  telle  composantc 
est  egalemcnl  claircnieiit  visible  dans  les  autres  sulvants  a  basse  temperature. 

Dans  le  n-butanul,  les  constanles  dc  declin  des  deux  emissions  soul  netlcmeiit 
iliircrentcs,  cc  tpii  est  allribuc  a  Pexistence  dans  Pclat  fondameiilal  tic  tieux  cspcccs, 
(lout  Pune  contluil  a  tin  Iraiisrerl  dc  proton  irreversible. 

bit  siibslitiilion  du  gioiipc  incliioxy  pur  iin  gionpc  nceliipic  entrainc  ime  forte 
diminution  dc  la  iltiorescencc  “iiormale",  Ic  rendcmcnl  (|tmntii|ue  tic  Petal  de  traiisferl 
du  proton  restaiit  pratii|ucmcnt  incliangc. 

(1)  A.  Mortizinski,  A.  Grabowska,  W.  Kulinle,  A.  Krdwczyiiski,  Clicm.,  Phys.  Lett. 
101(1083)291. 

*  Institiito  dc  Qiiimica  Fisica  “Rocasolano”,  C.S.I.C.,  Mailrid,  Spain. 

**  Adresse  Permanenlc;  Institute  of  Inorganic  Clicmislry  and  Metallurgy  of  Rare 
Elements,  Teclinical  University,  Wroclaw,  Poland 
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TIMC  llt:S01,Vli:i)  KINKTIC  study  Ol’  solvent  Dlil'IiNDliNT 
INTRAMOLliCULAK  PROTON  TRANSPliR  IN  RIS-OXAZOLli  DERIVATIVES 

A.U.  Acuna’,  E.  IlciscI,  J.A.  Mictic,  i\l.  Sowii'iska" 

Gi'uiiiH'  irOpliiiue  A|>|)li(|iicr,  Ccnlrc  tic  Rcclicrclics  Niirlcnircs 
(i720()  Slra!il)oiti'|>,  France 


Among  the  coinpnuntU  cxhiliiting  excited-slate  inlrainolecnlnr  proton  transfer 
(ESIPT)  reaction,  ll-l)ontled  bis-oxnzoie  tlcriv,ativcs  are  exceptions  lor  which  a  tlual 
lluorcsccnce  (primary  and  tautomeric)  has  (irslly  been  reported  in  1983'",  tlial  led  to 
numerous  controversial  work.  VVe  have  slndicil  the  inllucncc  of  the  solvent  and  the  tem¬ 
perature  on  the  pholophysical  properties  of  the  ■2,.'J-bis-(bcn/.i>xa7,olyl)-l-mclhoxyphcnol 
(stationary  and  time  resolved  fluorescence  measurements).  Two  emission  bantls  were 
always  present,  the  strongly  Slokcs-sliifled  one  due  to  the  ESIPT  slate  being  the  most 
intense  and  the  shift  increasing  with  the  solvent  polarity. 

In  aliphatic  solvents  (mclhylcyclohexanc,  pentane,  2-mclhylbnlnnc,  1,2-dichloro- 
clhane)  the  decay  curves  recortled  in  both  bands  show  the  presence  of  a  backward 
reaction  and  of  an  ecpiilibrium;  the  decay  constants  arc  near  to  •’ins  at  RT  and  in- 
cieasc  upon  cooling.  From  the  temperature  dependence  of  the  ratio  of  the  tautomeric 
and  the  normal  (primary  stale)  emissions,  the  excited  slate  enthalpy  change  has  been 
determined  (ss  l.tikcalM"'  in  mctliylcyeloliexane).  In  1,2-dirhloroclhnnc  (i  ss  10.3), 
the  reversibility  is  strongly  reduced  (proton  transfer  slate  lluorcscencc  is  70  times 
greater  than  the  “blue"  band  at  RT  while  this  ratio  is  =:  2  in  methylcyclohexanc)  and 
an  im|>ortant  short  component  (=;  1.2  ns)  in  the  “blue"  emission  is  observed.  Such  a 
component  becomes  also  clearly  visible  in  the  other  solvents  at  low  temperatures. 

In  n-butanol  both  lluorcsccnce  bands  decay  exponentially  with  dilferent  time  con¬ 
stants,  that  can  be  attributed  to  the  existence  in  the  ground  stale  of  two  dilferent 
species,  one  giving  rise  to  an  irreversible  ESIPT  teaclion. 

The  substitution  of  the  met  boxy  by  an  acetic  group  leads  to  an  important  decrease 
of  the  normal  lluorescence,  the  proton  transfer  stale  (pianinm  yield  being  practically 
unchanged. 

(1)  i\.  Mordziiiski,  .\.  Grabow,ska,  \V.  Kiihnle,  .\.  Krowczyiiski,  Chem.,  Phys.  Lett. 

101(1983)291., 

‘  Instituto  dc  Quimica  Fisica  “Rocasolano”,  C.S.l.C'.,  Madrid,  Spain. 

”  Permanent  address:'  Institute  of  Inorganic  Chemistry  and  Metallurgy  of  Rare 

Elements,  Technical  University,  Wroclaw,  Poland 
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ETUDE  I’lIOTOPHYSIQUE  ET  PHOTOCHIMIQUE  DE 
COLORANTS  LASER  RIIODAMINE 


/Vi.  Ildbcrt.  X.  Aniiaiul ,  J.C.  Mialocq* 

CEA,  CE  Saclay/DSM/DRECAM/SPAM  (*SCM  URA  331  CNRS) 
F-9li91  Gif-sur-Yvettc  Ccdcx  FRANCE 
R.  Bonneau,  J.P.  Morand 

Pliotopliysiquc  ct  Pliotocliiinic  Motdculairc,  URA  348  CNRS 
Uiiivcrsild  dc  Bordeaux  1,  F-33405  Talcncc  Ccdcx  FRANCE 


Nou.s  avons  etudid  le.s  proprietds  dc  solutions  conccnirdes  (10'3  M) 
dc  Rlrodiiininc  6G  (R6G)  ct  compard  sa  photostabilitd  en  solution  aqucusc 
miccllairc  dc  doddcylsulfatc  dc  sodium  (SDS)  ct  cn  solutions  alcooliques, 
sous  irradiation  continue  UV-visible,  et  sous  pompnge  laser  XcCl  it  308  nm 
(it  250  Hz). 

Sous  irradiation  continue,  la  R6G  se  photoddeompose  rapidement  en 
solutions  alcooliques.  Lc  mdeanisme  fait  intervenir  la  rdnetion  de  transfert 
d’dlcctron  entre  I'dtat  triplet  et  I'dtat  fondamcntal  dc  deux  moldcules  de 
colorant  (T  +  So  R^'  +  R*  ).  En  solution  inicellaire  de  SDS,  le  colorant 
cationique  est  insdrd  dans  la  phase  hydrophobe  de  la  micelle,  au  voisinage 
de  la  couche  exfeme  anionique,  cc  qui  lc  protdge  de  toufe  ddcomposition. 
Par  contre,  sous  pompage  laser  it  308  nm,  la  photoddeomposifion  est  plus 
importantc  cn  solution  miccllairc.  Elle  fait  intervenir  unc  excitation  h  deux 

photons  en  deux  dtapes  So  ->  S*-4  S*  ,  due  it  tin  accroissement  dc 

I’absorbancc  au  cours  du  pompage.  L’ionisation  qui  s’ensuit  (S*-^  R++e-) 

est  plus  cfficacc  en  solution  miccllairc  qu’en  solution  alcooliquc.  De  plus,  la 
rdpulsion  dc  I'dlcctron  hydratd  par  la  micelle  chargde  ndgativement 
cmpcchc  sa  recombinaison  avec  lc  radical  cation. 

Nous  avons  montrd  d’autre  part,  qu’en  irradiation  continue,  unc  faibic 
concentration  de  DABCO  (10-5  M)  ajoutdc  s)  unc  solution  dc  R6G  pouvait 
considdrabicment  amdiiorcr  sa  stabiiitd.  Parmi  Ics  nombreuscs  propridtds 
du  DABCO  (“qucncheur”  dc  triplet,  donneur  d’dlcclron,  base),  son  role  de 
donneur  d’dlcctron  provocant  la  rdduction  du  radical  cation  R'*''  est  trfes 
cfficacc. 


A  PHOTOPHYSICAL  AND  PHOTOCHEMICAL  STUDY  OF 
RHODAMINE  LASER  DYES 


Ph.  Hdhert.  X.  Annaiid  ,  J,C.  Mialocq* 

CEA,  CE  Saclay/DSM/DRECAM/SPAM  (*SCM  URA  331 

cms) 

F-91I91  Gif-sur-Yvclic  Ccdcx  FRANCE 
R.  Bonncau,  J.P.  Morand 

Photophysique  et  Photochimie  Moldculaire,  URA  348  CNRS 
University  de  Bordeaux  I,  F-33405  Talencc  Cedex  FRANCE 


The  photodecomposition  of  concentrated  (10*3  .  3.10*3  jvi) 
rhodamine  6G  (R6G)  alcoholic  and  aqueous  sodium  dodecylsulfatc 
(SDS)  micellar  solutions  has  been  investigated  under  continuous  UV- 
visible  illumination  and  in  high  repetition  rate  (250  Hz)  XeCl  laser 
pumped  dye  laser. 

Under  UV-visible  illumination,  the  R6G  photodegrades  rapidly  in 
alcoholic  solutions.  The  mechanism  involves  the  electron  transfer 
reaction  of  the  triplet  excited  state  with  a  ground  state  dye  molecule  (T 
+  So  ->  R"’"  +  R")<  In  SDS  micellar  solution,  the  R6G  cation  is  embedded 
in  the  hydrophobic  interior  of  the  micelle  close  to  the  negatively  charged 
end  groups  and  is  therefore  protected  from  any  possible  degradation. 
Under  XeCl  laser  pumping  at  308  nm,  the  contrary  is  observed.  The 
photodegradation  is  higher  in  the  micellar  solution.  We  conclude  to  a 

♦  ♦ 

sequential  two  photon  excitation  at  308  nm,  Sq  Sj^ ,  due  to  a 

strong  increase  of  the  absorbance  during  the  laser  pun.ping.  We  believe 

*  ♦ 

that  the  Sj^  ionization  (Sjj->  R**"  +  e* )  of  R6G  is  more  efficient  in  SDS 

aqueous  solution  and  that  the  recombination  of  the  radical  R'*"  with  the 
resulting  hydrated  electron  is  prevented  by  the  repulsive  electrostatic 
surface  potential  of  the  SDS  negative  interface. 

We  found  that  under  continuous  illumination,  a  rather  small 
concentration  of  DABCO  (10*3  added  to  an  alcoholic  solution  of 
R6G  could  ensure  a  strong  decrease  of  the  photodegradation.  Among 
the  various  properties  which  arc  recognized  to  DABCO  (triplet 
quencher,  electron  donor,base),  the  role  of  electron  donor  providing  the 
reduction  of  the  R+*  radical  cation  and  the  R6G  regeneration  is  very 
efficient. 
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THE  WOLI^n  REARRANGEMENT  OF  a-DIAZOKETONES 
)ito  Straiisz.  Elizabcili  Lown,  Ratnakar  Gosavi  and  Manuel  Torres 


A  cciiiral  problem  in  llic  plioioclicmisiry  of  a-diazokclones  is  ilie  question  of  llic  conccrtedncss  of 
liicir  Wolff  reanangement  (WR)  -  decomposition  sequence.  Using  tlie  isotopic  labeliing  technique  we  have 
sliown  some  years  ago  tliat  in  Uic  photolysis  of  many,  but  not  all  a-diazoketoncs,  oxygen  scrambling  occurs 
to  varying  extents  indicating  the  intervention  of  oxirenes,  which  in  turn  arc  manifesuitions  of  the  presence  of 
kclocatbcncs  and  tliacfocc  tlie  non-conccrtcdncss  of  itic  WR; 


ONs 

liv 

R 

concerted  WR 

R-C-C-R' 

« 

-Na 

'C=OC 
R'^  . 

ONj 

hv 

0 

.0  0 

R-C-C-R' 

• 

-N, 

R-9-C-R'  — --  k-v-c-r'  - 

ketocarbene  1  kctocatbene  It 

^  ^  k-^-c-r -  ;c-c«o  non^pnccitaljML 

»  kctocatbcncl  kctocatbene  11  R'  * 

Kaplan  has  demonstrated  die  importance  of  die  diazoketone  conformadon  vis-d-vis  product  distribution 
on  die  example  of  die  confotmer  pair 

hv  V  >-Ba^O  j  O 

LA  -53-  r  >C=0  M:  and  T  ~  (Mc),C=C-C-t-nu  LaJdfiJllill 


Since  early  molecular  orbital  (MO)  calculations  predicted  the  lowest  singlet  state  of  die  parent  ketocarbene, 
formylmethyicne,  to  have  a  non-pl%iiar  geometry  precluding  the  possibility  of  conformadonal  isomerism,  the 
difference  in  the  mode  of  decrinposilion  was  explained  in  terms  of  a  concerted  process  for  the  WR  and  a 
ketocarbene  mechanism  for  die  1,2-Me  shift.  This  has  led  to  the  general  belief  that  die  WR  is  a  concerted 
process.  However,  subsequendy  it  was  shown  that  tlie  {diotolysis  of  vinyicne  thioxocorbonaic  with  locked  s-Z 
conformation  also  yielded  die  WR  product  even  diough  a  concerted  step  here  is  inconceivable: 

t-Hu,^  n  , 

V'*-,  hv 

aiB 


Also,  multiconfiguration  MO  calculations  predicted  a  planar  geometry  for  the  lowest  singlet  state  of 
formylmethyicne  pennitting  geometrical  conformationalism.  Current  results  wilt  be  presented  in  support  of 
die  noii-conccrtcdiiess  of  tlie  WR  of  simple  alkyl  and  aryl  diazokctoncs  via  kctocaibcncs  and  die  conformadonal 
control  of  the  reactivity  in  the  kctocarbme,  the  s-E  confonnation  favoring  WR  and  the  s-Z  conformation 
oxirciic  formation. 


r^n  y  '"-plane  O 

n-orbiuil  I 

1 1  >  perpendicular 

0,0  n-orbital 
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Multiple  Adiabatic  Cis-Trans  Photoisoincrizations 

Mikael  Suiulalil*,  Tulsuo  Aral**,  Kjell  Saiiilios***,  Kntsuiiu  Tokum:iru**,  Olof 

Wciuieistrom* 


CIs-iraiis  phoioisomcrizniions  of  olefins  have  been  siudictl  for  more  than  SO  years.  'Plie 
mechanism  usually  suggested  for  cis-traivs  photoisomcrizalions  has  been  a  diabatic 
mechanism.  In  a  diabatic  cis-irwu  phutoisometization,  on  excitation  of  either  a  cis  or  a  trails 
isomer,  concomitant  to  excitation  an  excited  slate  confonner,  p*,  with  approximately  90°  twist 
of  the  double  bond  is  fonned.  'Hiis  confonner  decays  to  the  ground  state,  and  then  gives  a 
mixture  of  cis  miUraiis  isomers.  An  example  of  a  molecule  wliich  undergoes  this  kind  of 
isomerization  is  stilbene'.  In  contrast  to  this  diabolic  mechanism.  Prof.  K.  Tokumani  and  co¬ 
workers  have  found  that  some  onlliracenyl  elhylenes  undergo  adiabatic  one-way  isomerization; 
on  sensitized  excitation  of  a  cis  isomer  (or  direct  excitation  via  intersystem  crossing)  the 
fonned  his*  undergoes  isomerization  on  tire  triplet  excited  state  surface  to  give  tlie  h  alts*, 
wluch  then  decay  to  its  ground  statc^. 

For  molecules  with  more  than  one  double  bond  an  adiabatic  isomerization  mechanism 
implies  that  it  should  be  possible  to  isumerize  more  than  one  double  bond  with  a  single 
excitation.  We  have  several  examples  of  molecules  undergoing  such  multiple  adiabatic  cis- 
II  aits  pliotuisomerizations.  A  styrylstilbene  (i)  shows  adiabatic  isomerization  on  both  the 
singlet  and  triplet  excited  state  surfaces^'^.  Evidence  for  the  sii^.gested  mechanism  will  be 
presented  in  terms  of  quantum  yields  of  isomerizations,  fluorescence  spectra  (steady-state  and 
time  resolved)  and  T-T  absorption  observed  on  loser  flash  photolysis.  An  orthoparacyklophone 
(2)  shows  tut  adiabatic  one-way  six-fold  isomerization  from  the  all-Z  to  the  all-£  isomer^. 

Tlie  isomerization  proceeds  on  die  triplet  excited  slate  .surface,  and  the  product  is  fonneil  in  its 
excited  state.  Some  preliminary  results  on  a  bisstyiylstilbene  (3)  will  also  be  presented. 
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ISaltiel,  J.;  Cliarltoii,  J.  L.  Rcarrangcnicnls  in  ground  and  excited  slates,  Vol  3,  cd.  P.  dc  Mayo 
(Academic  Press,  New  York,  1980). 

^Arai,  T.  et.  at.  Pire  Atipl  Cliciii.  60  (1988)  989  and  references  tiiercin. 

^Sandros,  K.  et.  at.  J.  Am.  Client.  Sue.  112  (1990)  3082. 

‘‘Sundalil,  M.  ct.  al.  J.  Pliys.  Client.  94  (1990)  6731. 

^Sundalil,  M.  et.  al.  Clieni.  Pliys.  Lett.  168  (1990)  39.‘>. 
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CHEMILUMINESCENCE  OF  THE  T.l.C.T.  STATES 
POPULATED  BY  INTER-MOLECULAR  ELECTRON  TRANSFER 
Zbigniew  R.  Grabowski  and  Andrzej  Kapturkiewicz 
Institute  of  Physical  Chemistry,  Polish  Acad.  Sci. 
Kasprzaka  44,  ol-224  Warsaw,  Poland 


Population  of  the  highly  polar  "twisted'*  intramolecular  CT 
states  (TICT)  is  achieved  by  electron  transfer  between  the 
opposite  radical  ions  of  the  parent  molecule: 

D-^-  A  +  D  -  a"  - >  (  D-^-  a"  )*  +  D-A  (1) 

Radical  ions  are  generated  at  the  electrode,  by 
subsequent  pulses  of  reduction  and  oxidation  of  the  parent 
molecule,  D-A.  With  the  beginning  of  the  second  pulse,  the 
reaction  (1)  starts,  and  the  chemiluminescence  appears  -  with 
the  spectrum  identical  to  that  of  the  TICT  fluorescence. 

In  a  series  of  acridine,  anthracene,  and  other  arene 
derivatives  of  N,K-dialkylanilines  the  yields  of  the  excited 
state  are  high;  they  result  from  a  competition  between  (1)  and 
the  formation  of  the  lower  lying  triplet  (locally  excited  in 
the  A  moiety)  -  and  can  be  estimated  with  the  modern  theory  of 
the  electron  transfer  kinetics  (Marcus;  Jortner;  Onuchic) . 

The  chemical  generation  of  the  TICT  state  offers  a  chance 
to  observe  the  emissions  from  a  system  with  two  minima  - 
populating  it  at  the  other  minimum  than  in  the  radiative 
excitation;  to  study  the  "photochemistry  without  light";  or  to 
search  for  the  processes  otherwise  appearing  only  under  high 
excitation  density  conditions. 
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EXCIMER  LASER-INDUCED  C-C  BOND  FORMATION  OF 
BICHROMOPHORIC  COMPOUNDS  VIA  A  DIRADICAL 
INTERMEDIATE 


Akihiko  Quchi  and  Akira  Yabe 
National  Chemical  Laboratory  lor  Industry, 
1-1,  Higashi,  Tsukuba,  Ibaraki  305,  Japan 


In  the  course  of  our  research  on  the  application  of  lasers  tor  organic  synthesis, 
we  have  assessed  the  efficiency  of  photochemical  diradical  generation.  In  this 
context  compound  1  was  used  for  the  quantitative  studies,  because  the  product  2 
is  directly  proportional  to  the  amount  of  diradicals  and  therefore  can  be  used  for 
monitoring  quantitatively  the  process. 

Three  kinds  of  excimer  lasers  were  used  for  Ihe  reaction,  namely  XeCI  (308  nm), 
KrF  (248  nm),0)  and  ArF  (193  nm)  lasers,  in  the  case  of  irradiation  with  the  KrF 
laser,  the  product  2  was  obtained  in  higher  yield  by  using  a  focussed  laser  beam. 
The  reaction  showed  considerable  wavelength  dependence,  so  that  the  best  yield 
was  obtained  by  KrF  laser  photolysis,  the  best  conversion  by  a  XeCI  laser,  and  the 
best  mass  balance  by  an  ArF  laser. 

The  reactions  of  Ihe  derivatives  1  c-e  with  KrF  laser  were  also  conducted.  They 
gave  higher  yields  of  2  compared  to  those  of  1  a  and  1  b. 


1  L 

«  X.Br  b  X.CI 
c  X.PhO  d  X-PhS  •  X>PhS« 


(1)  A.Ouchi  and  A.Yabe,  Tetrahedron  Lett,  31, 1727  (1990). 
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THIN  LAYERS  OF  NOVEL  ELECTRON  RELAY  COMPOUNDS 
ON  CONDUCTIVITY  GLASS  AND  PHOTOSENSITIVE  PAPER 

Rupert  Bauer 

Inst,  of  Physical  Chemistry,  Technical  University  of  Vienna, 
Gotroidemarkt  9,  A  -  1060  Vienna,  Austria. 

The  properties  of  two  novel  electron  relay  compounds  R7B 
=  1,1”  ,1”  ■-triben2yl[4,2'  ;4'  .4*  ’  :6*  ,4”  ’  ]quaterpyridinium 
trichloride  and  R7D  =  1 . 1  ”  , 1  ”  ' -tridodecyl[4 , 2' ; 4’ , 4 ”  ; 6' , 

4 ”  ' ]quaterpyridinium  trichloride  have  been  studied.  Both 
compounds  could  be  reduced  to  blue  radicals  as  with  methyl 
viologen  (=  MV). 

The  radicals  of  R7B  were  insoluble  in  water  and  much 
more  stable  against  oxygen  than  those  of  MV.  Moreover  the 
colours  of  these  radicals  were  dependent  on  pH.  They  were 
reversible  colourless  in  acidic  and  blue  =  590  nm)  in 

alkaline  solutions.  If  R7B  was  reduced  electrochemlcally  its 
radicals  strongly  adsorbed  on  electrodes  (conductivity  glass, 
glassy  carbon). 

Thin  colourless  films  of  R7B  and  agar-agar  on  paper 
resulted  in  blue-dyeing  =  590  nm,  reflexion  photo¬ 

spectrometry)  of  the  irradiated  parts  (near  UV).  Addition  of 
EDTA  to  the  ) ight-sensitive  mixtures  intensified  this  effect. 

Furthermore,  R7B  could  act  as  an  electron  transfer 
substance  and  as  a  sensitizer  in  aqueous  photolytic  hydrogen 
producing  systems  with  added  sensitizer  (>  400  nm)  and  without 
added  sensitizer  (>  300  nm) .  The  hydrogen  production  rates  and 
quantum  yields  have  been  determined  in  systems  containing 
sensitizer  S,  relay  R7B,  EDTA,  colloidal  platinum  catalyst  and 
without  added  sensitizer  and  compared  with  those  of  MV. 

Not  only  the  reduced  (,Xin*x  =  600  nm)  but  also  the 
oxidized  form  of  R7D  was  insoluble  In  water.  Thin  films  of 
R7D  on  conductivity  glass  could  reversibly  be  reduced  in 
electrolyte  solutions.  Adsorbed  R7D  is  able  to  work  as  an 
electron  transfer  and  a  sensitizing  agent. 
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NEW  EVIDENCE  FOR  THE  I’ROXIMrrV  OF  THE  LOWEST  'nn*  and  'nn* 
STATES  AS  THE  CAUSE  OF  THE  DUAL  FLUORESCENCE  OF 
4-N,N-DIALKYLAMINOALKYLUENZOATES  IN  SATURATED  HYDROCARBONS 


A/.C.C.  tie  Lange,  D.  Thorn  Leeson,  A.II.  Iltiher,  CA.G.O.  Varina 
Leiden  University,  Gortaeus  Ijiboratorits 
P.O.Box  9502,  2300  RA  Leiden,  The  Netherlands 

The  dual  fluorescence  of  the  compound  4-N,N-diclhylaminocthylbcnzoatc  (DEAEB)  is 
considered  by  some  authors  to  be  governed  by  essentially  the  same  mechanism,  which 
operates  in  the  case  of  the  dual  fluorescece  of  4-N,N-dimethylaminobcnzonitrile 
(DMA BN)  in  polar  solvents.  From  this  point  of  view,  the  anomalous  fluorescence  band 
(F,^)  is  regarded  as  ci..ission  from  a  twisted  intramolecular  charge  transfer  state  (TICT- 
state)  (!].  An  alternative  explanation  assigns  the  band  F,^  of  solutions  of  the  two  com¬ 
pounds  in  polar  solvents  to  emission  by  solute-solvent  exciplexes  [2].  Ilic  fact  that 
solutions  of  DEAEB  in  alkanes  also  exhibt  dual  fluorescence,  is  considered  to  be  strong 
evidence  against  the  emitting  solute-solvent  exciplexes  [I].  It  has  been  pointed  out 
previously  tl\at  this  is  no  evidence,  because  the  the  replacement  of  die  CN  group  in 
DMABN  by  an  ester  group  introduces  low  lying  nn*  electronic  states  and  that  the  dual 
fluorescence  of  DEAEB  might  be  related  to  the  proximity  of  the  lowest  'nn*  and  'nn* 
states  (3). 

The  results  of  a  study  concerning  the  photophysical  and  photochemical  behaviour 
of  solutions  of  several  4-N,N-dialkylamino(alkylbcnzoates)  in  alkanes  will  be  presented. 
Stationary  fluorescence,  time  resolved  fluorescence  and  triplet  -  triplet  absorption  of  these 
solutions  have  been  studied  as  a  function  of  temperature  and  viscosity.  If  the  viscosity  is 
kept  constant,  the  temperature  dependence  of  the  decay  rate  constants  k^  and  k,^  of  the 
nonnal  (F„)  and  anomalous  fluorescence  respectively  reveals  Arrhenius  behaviour  with 
different  parameters  for  the  two  rate  constants.  It  is  concluded  that  the  N  and  A  emitting 
states  decay  predominantly  respectively  via  a  temperature  dependent  non-radiativc  process 
and  a  temperature  dependent  radiative  process.  Ilic  photochemical  behaviour  can  be 
switched  from  nji*-character  to  n7t*-charactcr. 

1.  W.  Rettig,  J.Phys.Chcm,,  86  (1982)  1970. 

2.  K.J.  Visser  and  C.A.G.O.  V.irma,  J.Chcm.Soc.  Faraday  Trans.  2,  76  (1980)  453. 

3.  F.C.M.  Weisenbom,  A.II.  Iluizcr  and  C.A.G.O.  Varma,  J.Chem..Soc.  Faraday 
Trans.  2,  85  (1989)  1895. 
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PIOXOPIDUCTD  REDOX  l^iACnONS  OF  l-NrX’ROWVPltrUALENE  AND  2-NrmaniiopiiiiM 
WITH  METIIOXYBENZENES  ;  A  Flash  Plwtolysls  Study 

By 

Liils  J.h.  Martli'.s^^ ,  Terence  J.  Ketnp^^ ,  Sebastiao  J.  Pontosinho^^ , 

Joao  S.  Brancxj'^^ ,  and  M.  Mendes  M.M.  Fernandes®^ 

a)  Institute  Superior  de  Engenharia  de  <joiiito:a,3000-Coijnbra, Portugal 

b)  Deportment  of  Qiemistry, University  of  Warwick, Coventry  CV4  7AL, England 

c)  Departamento  de  ftilmica.Ur.tversidade  de  Coimbra, 3000-Coimbra, Portugal 

d)  Institute  Geof£sico,Universidade  de  Coimbra, 3000-Coimbra, Portugal 

Abstract  ;  One-electron  oxidation  of  methoxy-substituted  benzenes  (Q)  was 

achieved  by  reaction  with  the  lov^st  excited  triplet  state  of  eitlier 

1-nitronaphthalene  (  ^NN  )  or  2-nitrothiophen  {  ) ,  in  35%  (v/v)  ethanol- 

-water.  This  was  sliown  from  the  observation  of  the  corresponding  radical 

ions  (  Q’"^  and  NN'~  or  NT*”  )  following  laser  flash  photolysis  of  solutions 

of  NN  ;or  NT  )  and  Q  .  In  both  cases  a  correlation  was  found  between  the 

logarithm  of  tlie  second-order  rate  constant  (  k2  ) »  quenctiing 

of  the  triplet  state  by  Q,  and  the  reduction  potential  of  the  quencher 

3  3 

radical  cation.  The  greater  reactivity  of  OT  oonpared  with  NN,  is 

explained  within  the  framework  of  the  Rehra-Weller  model  by  tlie  higher 

ground-state  reduction  potentUil  and  triplet  excitation  energy  of  the 

former.  Increasing  the  acidity  of  the  msdium  increased  the  rate  constant 

for  one-electron  oxidation  of  methoxybenzene  by  ^NN  ;  thus  a  value  of 
73  -1-1 

kj  «  7.07  X  10  dm  mol  s  was  measured  in  neutral  solution,  wliereas 
in  acid  (  1  mol  dm  ^  H.SO,  )  a  value  of  k-=  2.22  x  10^  dm^  mol  ^  s~^ 
was  obtained. 
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TIIE  INTERMEDIATE  RADICALS  AND  ABNORMAL  PHOTOREACTIO'' 

BEIIAVIOL'R  OF  0-SCtlSTlTL’TED  NITRODENZALDEIIYDES 

'  Chen  Dcwen.;  Tlan  Qiu,.  Zhou  Jlunwci  and  Xu  Guanezhi 
(Instituio  of  Chemistry,,  Academia  Slnicn,  100080  Beijing,  China,  P.R.) 

The  Photoreaction  mechanism  of  o-Nltro-  and  2-4-Dlnl trobenzaldehydc 
liave  been  studied  by  ESR  and  optical  spectroscopy  tech,,.qucs.  Results  show 
that,  markedly  different  from  other  aromatic  aldehydes,  the  photochemical 
processes  of  o-suhstituted  benzaldehydcs  are  rather  complicated  and  unusual. 
The  observed  ESR  spectra  are  overlapped  signals  consisting  of  three  and  two 
types  of  radicals  for  o-Nl trobenzaldehydc  and  2'4-Dlnltrobenzadehyde  respec¬ 
tively.  The  overlapped  ESR  spectra  were  entirely  distinguished  through  deca¬ 
ying  processes  based  on  the  much  different  lifetimes  of  these  free  radicals,. 
It  Is  therefore  believed  that  the  title  compounds  not  only, as  Is  well  known,, 
photornarrangement  to  o-.Nltroso-benzoic  acid  but  also  photolysis  reoctlons 
toko  place  simultaneously.  As  a  results,  rearrangement  product  o-Xltrosobcn- 
zolc  acid  act  as  spin  trap  to  react  with  active  radicals  In  photolysis  to 
form  the  stable  nltro.\yl  radicals.lt  is  obvious  that  the  ESR  signals  in  pho¬ 
tochemical  reaction  do  stem  from  the  products  of  secondary  reaction  process¬ 
es  via  post-photolsomcrizatlon.  At  the  same  time,  the  measured  absorption 
spectra  also  Indicate  the  e.xistence  of  three  kinds  of  spln-adducts  for  o- 
Nltrobenzaldehyde.  Reaction  mechanism  is  proposed  for  the  UV  photochemical 
processes  of  o-substl tuted  nltrobcnzaldchydcs. 
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FOTOCliNFRATlOM,  REACTIVITY  AND  Ca'lPLEXATION  OF 

divalent  silicon  (silylene)  using  static  and 

LASER  FLASH  PHOTOLYSIS  TECHNIQUES. 

G.  Levln^^^  P.K.  Das^-^  C.  Bilgrien^^\  C.L.  Lee^^^ 
(1)  The  Weizaann  Insc.  of  Science,  Israel  (2)  Univ.  of 
Notre  Dame,  USA  (3)  Dow  Corning  Corp.,  USA 


Cne  of  the  tcnsients  observed  during  the 
phatcdecaipcslticn  of  camcunds  containing  thn  Si-Si  bond 
is  the  divalent  silicon  :Si(R2).  The  silylene  lihe  its 
singlet  carbene  analog,  is  unusually  reactive  ai'd 
participate  in  inserticn  reaction  into  OU,  SiH,  SnH,  C»C 
end  CSC  tends.  Thii  relative  rate  constant  of  inserticn 
of  silylene  into  SiH  end  CH  usirg  static  photolysis  is  in 
a  very  good  agreesrent  with  the  relative  rata  constant  of 
the  satre  reactiers  using  flash  photolysis  technique. 
Laser  flash  photolysis  of  coipcunds  ccntainiig  Si-Si  berd 
•in  the  presence  of  reagents  containing  a  lone  pair  of 
electron  such  as  ethxsrs,  amines  etc.  reveal  that  the 
silylene  disappears  witli  a  pseudo  first  order  kinetics 
and  a  new  -txansit  appears  ccncanitantly.  'Ihe  -transient 
proves  to  be  B  coiplex  between  -the  enipty  orbital  cn  the 
silylene  end  -the  lone  pair  of  electren.  The  reactivity  of 
the  ccnple:t  was  found  to  be  much  lower  than  the 
reactivl-ty  of  -the  free  silylene.  The  relation  bet.v-esn  the 
reactivity  of  th£  free  end  ootplexed  forms  of  silylera 
and  -the  structure  of  different  reagents  will  be 
discussed. 


11 -bM 


PHOTOPUYSICAL  PROPERTIES  OF  PORPIIYRINOID  COMPOUNDS 

Daniel  0.  Matlitc',  11.  Mariia  Negri’,  Pedro  F,  AcameudiV,  Silvia  E.  Braslavsky',  and 
Kurt  SchafTner' 


'Majc-Planck-Inslitut  fur  Strahlenchemie,  D*4330  Mulheim  a.d.  Ruhr,  StiftslraCe  34- 
36,  PRG.  ’Oepartamenlo  de  Qufmica  Inorganica,  Analitica  y  Quj'mica  Ffsica,  Facullad 
de  Ciencias  Exactas  y  Naturalcs,  UBA,  1428  Buenos  Aires,  Argentina. 

The  photophysical  properties  of  the  (22  irj  porphyrinoids  acetylcne-cumulene-porphycene 
1  (Ij  and  its  tetrahydro  derivative  2  (2),  as  well  as  the  [26  xjhomologue  3  [3|  were  stud¬ 
ied  in  benzene  solutions.  Near-IR  fluorescence  spectra  were  recorded  with  a  home-made 
emission  spectrometer  equipped  with  a  Ge  diode  and  lock-in  detection.  Absolute  fluo¬ 
rescence  quantum  yields  were  determined  for  1  and  2  by  steady-state  thermal  Icnsing. 
Triplet-triplet  (T-T)  abcorption  spectra,  triplet  lifetimes,  and  quantum  yields  ('(r)  were 
obtained  by  direct  irradiation  of  1  and  2. 


Only  2  sensitized  the  generation  of  singlet  molecular  oxygen,  0]('Af),  detected  by 
steady-state  and  time-resolved  neai-IR  emission.  Since  the  triplet  energy  of  2  is  near 
that  of  0](' A,),  its  value  (21.7  kcal/mol)  was  determined  by  the  analysis  of  the  biexpo- 
neutial  triplet  decay  at  several  0]  concentrations.  Laser-induced  optoacoustic  (LIOAS) 
experiments  with  2  combined  with  the  triplet  energy  yielded  the  fy  value. 

of  1  was  determined  by  the  method  of  Medinger  and  Wilkinson  [4]  using  bro- 
mobenzene  to  enhance  the  triplet  yield.  LIOAS  and  flash  photolysis  experiments  at 
various  Oi  concentrations,  combined  with  $7,  yielded  a  triplet  energy  of  1  3  kcal/mol 
lower  than  that  for  2. 

Energy  transfer  from  various  donors  was  used  in  order  to  record  the  T-T  spectrum 
of  3  and  to  estimate  the  maximum  $7  as  well  as  the  triplet  .t^te  absorption  coeIRcient. 
Taking  the  measured  difussional  quenching  constant  of  0](' A,}  by  3,  and  using  0](' A,) 
as  donor  and  3  as  acceptor  in  energy  transfer  experiments,  the  triplet  energy  Ot.  this 
compound  was  estimated  to  be  lower  than  19.5  kcal/moi. 

(Ij  N.  Jux,  P.  Koch,  H.  Schmickler,  J.  Lex,  and  E.  Vogel,  Angew.  Chem.  102  (1990) 
1429-1431. 

[2]  E.  Vogel,  N.  Jux,  E.  Rodriguez- Val,  J.  Lex,  and  H.  Schmickler,  Angew.  Cheat.  102 
(1990)  1431-1434. 

[3]  Unpublished  compound.  We  thank  Prof.  E.  Vogel,  Koln,  for  a  generous  sample  of  3. 

[4]  T.  Medinger  and  F.  Wilkinson,  Trans.  Faraday  11 >c.  01  (1964)  620-630. 
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FLUORESCENCE  BEHAVIOUR  OF 
DIAZONAPHTHOQUINONE-TYPE  PHOTORESIST  MATERIALS 

JJM.  Vleggaar,  A.U.  lluiztr  and  CA.G.O.  Varna;  Leiden  University 
Corlaeus  Laboratories,  P.O.Box  9502, 2300  RA  Leiden,  The  Netherlands 

In  the  convendaJ  photo-lithographic  process  for  manufacturing  integrated  micro-electronic 
circuits  (IC’s)  the  photoresist  material  is  illuminated  with  light,  having  a  wavelength  of 
435  nm  or  365  nm  and  coming  from  a  ntercury  lamp.  The  commercial  photoresist 
materials  being  used  for  this  purpose,  consist  of  novolac  (a  mixture  of  ciesol/formaldchyde 
polymers)  and  compo:..-.ds  of  die  2-(diazo)l-naphthoquinone  fl)  type,  as  the  basic  primary 
photoactive  system,  and  some  additives  known  only  to  die  manufacturer.  Photo-excitation 
of  I  in  the  presence  of  water,  leads  prtdominandy  to  the  formation  of  indene-carboxylic 
acid  or  its  esters  (IV).  However,  several  other  products  can  be  formed  also  (V-VII,  Yield 
4-16%),  depending  on  die  nature  of  the  environment  of  the  photo-excited  molecuft(l,2]. 


Higher  packing  densities  of  elements  in  a  IC,  require  a  spatial  resolution  exceeding  the 
maximum  achievable  resolution  in  die  conventional  photo-lithographic  process.  There  is  a 
tendency  in  the  modem  developments  to  try  to  meet  this  requirement  by  choosing  the 
wavelength  of  the  light  shorter  than  365  nm. 

Photoresist  materials  of  known  composition  have  been  prepared  by  introducing  the 
diazonaphtoquinone  type  compounds  into  either  a  novolac  or  a  polyphcnylphcnol  matrix 
and  have  then  been  investigated  by  stationary  and  rime  resolved  fluorescence  spectroscopy 
as  well  as  by  time  resolved  u.v  /  vis.  absorption  spectroscopy.  These  sytems  show  a  strong 
and  broad  fluorescence  (maximum  425  nm)  when  irradiated  with  wavelengths  shorter  than 
4(X3nm.  This  fluorescence  light  can  be  absorbed  by  the  diazonaphtoquinone  and  can 
initiate  phoiochemistry  in  regions,  where  this  is  not  desired.  Novolac  and  Polyvinylphenol, 
both  used  frequently  as  the  matrix  in  diazoquinonc  resists,  also  show  fluorescence  when 
irradiated  with  light  of  wavelength  shorter  than  320  nm.  It  will  be  shown  that  the  diazo- 
naphthoquinonc’s  arc  converted  into  fluorescing  species  via  a  monomolecular  reaction  and 
via  a  dimerization.  The  sum  of  the  fluorescence  quantum  yields  of  these  species  amounts 
10  ca.  10%.  Based  on  their  fluorescence  spectra  they  arc  considered  to  be  a  mixture  of  the 
compounds  V  to  VII.  Since  the  quantum  yield  of  the  formation  of  the  mixture  is  ca.  20%, 
the  photochemical  side  reactions  of  the  diazonaphthoquinone’s  may  be  very  harmful  in  the 
lithographic  process. 

1.  RP.  Ponomareva,  A.M.  Komagarov,  Zhur.Organ.Klrimii,  16  (1980)  146. 

2..  K.  Tanigaki,  T.W.  Ebbesen,  J.  Phys.  acm.,  93  (1989)  4531. 
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Erricicnt  Electron  Exchange  Chcniiluniincsccnce 
of  a  Dioxelanc  Initiated  by 

8-llydruxypyrenc-l,3,6*Trisuironic*Acid  Tetrasodium  Salt 
Martin  Josso  and  A.Paul  Schaap* 

Deparunent  of  Chemistry,  Wayne  State  University,  Detroit,  MI  48202  USA 

Several  examples  of  peroxide  chemiluminescence  via  intennolecular  electron 
exchange  have  been  reported  to  date  but  with  low  chemiluminescence  quantum  yiclds.t 

We  liuve  found  that  8-hydroxypyrcne-l,3,6-trisulfonic  acid  tetrasodium  salt  or 
pyranine  1  catalyses  the  chemiluminescent  decomposition  of  dioxetane  2  with  a  quantum 
yield  of  0.042  einstein  /  mole  of  dioxetane. 


The  reaction  conditions  differ  markedly  from  other  electron  exchange  chemilumi¬ 
nescence  processes.  Due  to  the  very  different  solubility  properties  of  the  reactants,  the 
reaction  is  carried  out  in  aqueous  buffer  and  cationic  micelles.  The  dioxetane  resides  in  tlte 
micellar  core  with  the  fluorcscer  at  the  Stern  layer..  The  resulting  chemiluminescence 
spectrum  matches  the  fluorescence  spectrum  of  1.  A  signiHcant  difference  in  activation 
energies  as  weil  as  kinedc  properties  clearly  distinguishes  this  reaction  from  simple  tlicrmal 
dioxetane  decay  coupled  to  energy  transfer  to  the  fluorescer. 

t  Luiz  H.  Catalan!  and  Thdrise  Wilson,/.  Am.  Cliem.  Soc.,  2633  (1989) 
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Th«  Elsctronlc  Structur*  ComputAtlon  und  Electron  Paramagnetic  Reaonance 
Spectroscopy  of  thr.  Katrlx-IaoLated  Kono(l,3.S'Trlfluotobeneene)  Vanadiuit(O) 
Ualf'Sandtflch  Complex. 

Saba  H.  Hattar^i  Israel  Unget  and  lUffiaswaal  Saomynaiken 

Department  of  Chemistry,  University  of  New  Bninawlck,  Bag  Service  No.  AS222, 
Predericton,  New  Brunswick.  Canada  E3B  6K2 

Tlie  (l,3,5-trifluorobenzene)vanadium(0)  h«lf*sandwich  complex  is 
isolated  in  an  Ar  matrix  and  its  EPR  spectrum  recorded.  In  addition,  its 
electronic  structure  is  computed  and  the  V-C  distance  is  optlmited  using  the 
LDP-LCAO  method.  The  theoretical  computations  predict  that  the  molecule  Is 
metastable  in  the  gas  phase  with  the  and  ^Aj  states  being  nearly 
degenerate.  Consequently  the  influence  of  the  trapping  matrix  is  a  decisive 
factor  in  determining:  a)  Its  ground  state  and  b)  If  it  may  be  isolated  in  a 
stable  form.  The  resonance  field  positions,  the  g,  and  hyperfine 

tensors  for  this  molecule,  in  its  Aj  state,  are  derived  as  a  function  of  its 
molecular  orbital  coefficients.  The  hyperfine  resonance  positions  derived 
for  the  three  spatially  equivalent  atoms  are  not  the  same.  The  detailed 
expressions  that  give  rise  to  this  magnetic  Inequivalency  are  identified..  The 
simulation  of  the  experimental  EPR  spectra  and  the  comparison  of  the 
experimental  and  computed  spin  Hamiltonian  tensor  components  reveal  that  the 
complex,  when  trapped  in  an  Ar  matrix  at  12  K,  has  a  Jahn*Teller  E  ground 


state. 


Ill-  MODIFICATION  OF  MOLECULAR 

assemblies 
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PHOTOPHYSICS  OF  UV  STABILIZERS  IN  SOLUTION 
AND  IN  POLYMER  SUBSTRATES 
Kenneth  P.  Ohicpino  and  Andrew  D.  Scully 
School  of  Chemistry,  University  of  Melbourne,  Victoria  3052  (Australia) 

Despite  many  investigations,  there  remains  considerable  uncertainty  concerning  the 
mechanisms  of  excitation  energy  dissipation  in  compounds  which  act  as  UV  absorbers  and 
photostabilizers  of  polymeric  materials^).  In  particular  the  role  of  excited  state  intramolecular 
proton  transfer  (ESIPT)  in  accounting  for  the  exceptional  photostability  of  tliose  compounds 
which  contain  intramolecular  hydrogen  bonding  has  been  questioned,  This  paper  reviews  a 
number  of  absorption,  fluorescence  and  picosecond  spectroscopy  studies  recently  carried  out  in 
our  laboratories  aimed  at  investigating  the  photophysics  of  o-hydroxyphenylbcnzotriazole 
(UPB)  and  o-hydroxyphenyl-s-triazine  (HPT)  based  photostabilizers  in  a  range  of  solvents 
and  polymer  substrates. 

For  the  compounds  studied  the  spectral  contnbudons  made  by  various  ground  state 
species  (i.e.  planar  and  non-planar)  to  light  absorption  have  been  resolved  and  quantified.  Both 
the  contributions  of  these  ground  state  species  and  the  mechanisms  of  energy  relaxation  arc 
found  to  depend  markedly  on  the  polarity  and  hydrogen  bonding  properties  of  the  surrounding 
medium.  In  certain  aprotic  hydrogen  bonding  solvents  and  polymer  substrates  the  ESIPT 
process  is  effectively  disrupted,  while  forHPB  derivatives  in  hydroxylic  solvents  there  is 
evidence  for  solute-solvent  complexalion  mediating  the  proton  transfer  process. 

In  some  HPT  derivatives  and  in  polymer  films  of  HPB  compounds  which  can  be 
copolymerized  with  methyl  methacrylate  and  styrene,  emission  from  the  proton-transferred 
species  is  observable  at  room  temperature  and  picosecond  fluorescence  measurements  indicate 
the  rate  constant  for  ESIFP  exceeds  10’  ’  S'* .  Temperature  dependence  studies  of  this  highly 
Stokes-shifted  emissior.  suggest  the  activation  energy  for  ESIFP  is  negligible.  In  copolymers 
of  2-naphthylmethacrylatc  with  incorporated  HPB,  efficient  non-nidiative  energy  tfansfer  to 
HPB  occurs  from  both  2-naphthyl  monomeric  and  cxcimcr  species  resulting  in  the  effective 
l)hotostabilizjition  of  the  jxjlymcr. 

The  results  of  these  photophysical  studies  suggest  iwssible  means  of  optimizing  the 
performance  of  UV  photoslabilizers. 


(1)  K.P.  Ghiggino,  A.D.Scully  and  S.W.Biggcr,  ACS  Symposium  Series,  3H1.  Ch.5  (1989) 
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PHOTOCHEMISTnY  OK  POLY  t  D I S ( 4 -BENZ YLPIIENOXY  )  PIIOSPIIAZENE ]  . 
F..Minto‘,  M  ■  Gloria* .  P.Bortolus*.  M.Scoponi*,  F .  Prado  1  la* . 
Ulstituto  di  Fotochimica  o  Badiazioni  d'Alla  Eriergia  del 
C.N.R.,  Seziono  dl  Loynaro,  Via  Bomea  4,  3S020  Legnaro, 

Padova,  Italy., 

2)Centro  di  Fotochimica  e  Beattivita'  degli  Stati  Eccitati  dei 
Composti  di  Transizione  del  C.N.B.,  Via  Borsari  46,  44100 

Ferrara,  Italy. 

In  this  paper  we  report  the  direct  and  tlie  benzophenone 
sensitized  photochemistry  of  poly [bis ( 4 -benzy Iphenoxy ) - 
phosphazene 1 ,  tNP(0-C*H«'CHa-C*H,)a]„,  (PBPP),  in  solution  and 
in  film,  in  the  presence  of  air  or  in  inert  atmosphere. 

It  has  been  found  that  the  direct  irradiation  of  the  polymer, 
both  in  CHaCla  solutions  and  in  solid  state,  results  in  the 
splitting  of  the  C-H  bond  of  the  methylene  group  of  the  side 

benzy Iphenoxy  residues  on  the  polyphosphazene  skeleton  to 

* 

produce  the  -0-C«Ha-CH-C«tls  radical.  The  same  species  are  formed 
also  in  the  benzophenone  sensitized  photochemistry  of  PBPP. 

In  air-equilibrated,  dilute,  solutions,  the  radicals  evolve 
towards  chain  scission  and  degradation,  while  in  solid  state 
they  couple  giving  rise  to  extensive  crosslinking.  This  last 
reaction,  moreover,  was  found  to  be  largely  prevailing  in  the 
benzophenone  sensitized  process. 
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POLYMER  CHARACTERIZATION  USING  SINGLET  OXYGEN 
PHOSPHORESCENCE  AS  A  SPECTROSCOPIC  PROBE. 

Peter.  R..  Qqilby 

Department  of  Chemistry,  University  of  New  Mexico,  Albuquerque, 

NM  87131,  USA 
Roger  L.  Clough 

Sandia  National  Laboratories,  Albuquerque,  NM  87185,  USA 

Singlet  molecular  oxygen  (lAg02)  can  be  produced  in  solid 
organic  polymers  by  a  variety  of  different  methods  including 
1)  energy  transfer  from  a  photosensitizer  dissolved  in  the 
polymer  matrix,^  2)  energy  transfer  from  the  polymer  itself, ^ 
and  3)  photolysis  into  the  polymer-oxygen  charge-transf er 
absorption  band .,^*5  The  phosphorescence  of  singlet  oxygen  can 
be  monitored  in  both  steady-state  and  time-resolved 
experiments,  yielding  valuable  information  on  the  structure 
and  properties  of  1)  the  polymer  and  2)  solutes  dissolved  in 
the  polymer.  We  are  also  able  to  comment  on  processes  that 
can  have  important  practical  ramifications  including,  for 
example,  polymer  degradation.  In  addition,  this 
spectroscopic  probe  can  be  used  to  rapidly  quantify  oxygen 
diffusion/permeation  coefficients  in  polymer  films  over  a 
wide  temperature  range. 

1.  Clough,  R.L.;  Dillon,  M.P.;  lu,  K.-K.;  Ogilby,  P.R. 
Macromolecules  1989,  22.  3620-3628. 

2.  Ogilby,  P.R.;  Dillon,  M.P.;  Gao,  Y.P.;  lu,  K.-K.;  Kristiansen, 
M.;  Taylor,  V.L.;  Clough,  R.L.,  in  “Structure- Property  Relations 
in  Polymers:  Spectroscopy  and  Performance";  Urban,  M.W.-; 
Craver,  C.D.  (eds)  Adv.  Chem.  Sor..  in  the  press. 

3.,  Ogilby,  P.R.,;  Kristiansen,  M.-;  Clough,  R.L.-  Macromolecules 
1990,  21,  2698-2704. 

4.  Scurlock,  R.D. ;  Ogilby, P.R.  J.  Phvs.Chein.  1989,  22.,  5493-5500. 

5.  Scurlock, R . D. ;  ogilby,  P.R.-  J .  Atn . Chem . Soc .  1988,  HQ.,  640-641. 


I’llOTO-OXIDATlON  OF  I'OLY(l)lS('l-l)ENZyL)l>llliNOXY]I>IIOSI’IIAZEN10 

hL  SCOPQNI").  F.1'IIADEELA'»,M.  GLEIUA'»,F.  MINTO'*>  utid  V.  CAUASSITI"! 

"’CoiLi'o  cli  Sludio  sulla  Folochiniicn  c  licnlLiviln  dc^li  SUili  EccilnLi  dci  C.C. 
del  C.N.U.-DipttrLiiiieiiLo  di  Cliimiuu  dctl'Uriivei-siUY,  V.  Uoi'Rdri,  10  -  41100 
Formra  (llnly) 

'’UrI.ILuLo  di  Falochiiiiica  o  Iiadin/.ioni  d’AIln  Encr({ia  dot  C.N.K.i  Scz.  di  Ecg- 
rmi'o  -  V.  Roiiica,4  -  3G020  Lugnuro  (I’D)  lUily 

Iti  I'cconl  ycura  tlici'c  hos  been  a  growing  interest  in  polymer  bearing 
reauUve  groups,  wliiuh  con  undergo  easily  cttcmicul  modification  by  tliernml 
and  pliutocbomical  methods.  In  this  work  we  report  the  results  concerning  tlie 
plioto-oxidation  of  poty[bis(4-henzyl)phcnoxy]phosphuzcnc  films  by  irradiation 
with  UV  light  (A>  300am)  in  presence  of  warm  air  (50*C). 

FTin  and  UV-visiblc  techniques  were  used  to  follow  the  formation  of 
photuproducts  and  to  suggest  a  detailed  photodegradation  mechonism. 

In  particular,  we  show  that  the  decrease  of  a  band  at  1460  cm'*  and  a 
simultaneous  formation  of  new  peak  at  3400  cm**  in  the  FTIR  spectra  is  a  clear 
evidence  that  the  hydroperoxidation  sites  are  the  -GHz-  groups  belonging  to 
benzyl  moieties.  Besides  the  decomposition  of  hydroperoxides  generates  two 
different  mechanisms  of  (i-scission  processes  of  alkoxy-radicals  leading  to  the 
foi'Hiution  in  the  FTIR  spectra  of  new  bands  at  3550,  1725,  1702  ond  1660  cm** 
attributed  at  alcohols,  aromatic  esters,  benzaldcliydes  and  benzophenone  groups, 
respectively.  Accordingly,  the  detection  by  GC  of  benzene  vapour  ns  main 
volatile  products  and  the  formation  of  an  intense  band  at  340  nm  in  UV-vls. 
spectra  strongly  support  the  suggested  mechanism.  The  high  photoreactivity 
of  photogenerated  groups  is  mainly  responsible  for  the  extensive  crosslinking 
rcactlotis  and  yellowing  of  photooxidated  films. 
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AliNOWtAl,  CIIANtILS  01'  1IAIUUI-.SCI.NCI-;  Sl’KClKA  OK  KYUKNi;  IN  ill-'U  lllNAliY  HYSlIAiy 
DIIKING  'IIIIUU  SOL-  CKL-  XIJUXJLL 'IKANS ITION  I'KUCLSSI.S 

Nobuakl  NIXIISIII,  Mauakazu  ANI’O,  and  Tsunno  KUJll*^ 

Ik'p.u liiuMil  of  Applied  Glieiiilsli y,llnlvei!il ly  of  Onakii  I’lelocuiie,  S.doil,  Os.ik.i  V)l 
^Deparliiienl  uL  Cliemi  silty  and  MalctLal  loip,  Liicut  ill)',,  I'.ieiilly  ol  I'lip.iiiuet  Inp,, 
ShLnsilm  UiiLvcrstlly,  Uaknaatu,  R'i|>.inu  JIIO  (.lapnii) 


So-called  "aol-gcl  method"  Is  ox(iecled  to  be  one  of  the  most  promising  ap¬ 
proaches  to  prudncc  useful  compusllc  materials  such  as  optical  media  and  molecular 
devices.  We  have  Investigated  the  characteristics  of  flno-resccncc  spectrum  and 
thermal  stability  of  pyrene  and  rhotiaiiiine  11  encapsulated  Into  SIU2  networks  during 
sol — gel — xerogcl  transition  (irocesses.^*^  In  this  pa|ier,  we  report  characteristic 
chatigos  In  fluorescence  spectra  of  pyrene  in  Si-Ti  binary  systems  during  sol — gel  — 
xerogcl  transition  processes  of  ethanol  solutions  containing  mixtuies  of  tetra- 

a 

ethoxy  silane  (TIiOS)  and  titanium  tetcabutoxide  fTillO),  and  pyrene  (0.01  mol/dm-^). 

Kig.  1  shows  the  characteristic  cliangcs  of  fluorescence  spectra  of  pyrene  In 
Sl-Tl  binary  systems  during  various  stages  of  their  sol — gel— xerogel  transition 
processes  of  ethanol  solution  containing  TbOS,  llUO,  and  pyrene  at  298  K.  At  an 
initial  stage  of  sol— gel  process,  two  characteristic  fluorescence  spectra  arc 
observed  at  around  372-392  nm  and  A30-5fi0  nm.  'the  former  shows  the  0-0  band  at  372 


nm,  being  attributed  to  the  fluorescence  of  pyrene  monomer.,  ilie  latter  structure¬ 
less  emission  is  assigned  to  the  excimer  of  pyrene  dimer.  It  is  seen  that  the 
intensity  of  excimer  emission  decreases  with  progrssiun  of  sol — gel  transition,  and 
the  excimer  emission  disappears  at  the  point  of  gelation  of  the  system.  'Hie  excimer 


omission  reappears  in  the  gel — xerogel  transition  process.  'Ihe  fluorescence  spectra 


of  pyrene  monomer  scarcely  change,  however, 
their  excitation  spectra  were  found  to  change 
in  the  sol — gel  transitions  of  the  systems. 

Ihese  observed  changes  in  pyrene  dimer 
and  monomer  emissions  were  nut  observed  in 
TfUS-alone  systems  without  Ti  compositions. 
In  the  presentation,  0  possible  mechanism  for 
the  observed  changes  in  Si-'l'l  binary  systems 
Is  discussed  considering  the  role  of  Tl  com- 


VjO  ()6o  350  600' 


Emission  Wavelength(ninj 


position  as  coordination  sites  for  pyrene,  I-  Kluorcscencc  spectra  of  pyrene 

in  Sl-Tl  binary  system  at  various  stages 


of  the  sol — gel — xerogel  transitions. 


(1)  J.  I'liotoclieiii.  I’hotoblo.,  A.  Chem.,  54,  231  (199U). 


Tllli  riK'SI  llOlfESCRKCR  RR  ?,3,7  .n-niPFUZOn'iRI!- 
1  ,R-DICI'IKONE  in  SOHITIOMS  At!D  FA)  RIGS 
Fi . 'J'. K)inc)iPturovn ,  A . A .Kropnovcky  Jr?,  '^FaeTlPm,  Yu. V. Kovalev^ 
G.)i:.Krichevnl<y 

Kor.yp.ln  Textile  Inatitute.  ^PloloRy  Department 
Lomononov  Foncow  State  Univrrrily,  Foncow,  ))SSR 

?  I?  i7  .0 -DiDoti'/opyren-l  ,f>-<)lpulnonp  (DDDQ)  in  )<nown  to  be 
an  efficient  photot:enpitt?er  of  fnbrlCB  decompopitlon .  The 
pliotodeptruotion  procesaeo  of  fabrice  ere  eupponed  to  be 
initiated  by  the  dye  triplet  ntete.  However.  \ip  to  recent  time 
the  triplet  etote  of  DDFQ  wao  not  detected  pypr^^ii’'**’ tally , 

In  thif.  worl(  we  mnnnpied  to  obnerve  the  phopphorcecence , 
ncconipanyinf'  the  rnd lotion  deactivation  of  Dl’l’Q  triplet  state 
in  oolutiona,  cellulone  filma  and  fobricn.  Tl)e  phoapliorescence 
woe  rc(>;iptnre<l  at  -1Q6^C.  The  phoaphoreacence  npectrum  of  the 
nionomol ecular  form  of  DPPQ  ooneiete  of  three  mnjor  bands  at 
75(1,  ,‘(45  end  D35  nm.  The  relative  Intenaltier.  of  these  bandn 
are  1:0,G;O,1.  The  phosphorescence  lifetime  in  1, 6^0,1  me,  +he 
exitation  spectrum  coincides  with  the  abrorption  npectrum  of 
tlip  nionon'ol ocular  form  of  the  dye.  In  addition  to  this 
phoepliorescence  the  short  wnvelenpth  low  tomperature  delayed 
luminescence  was  moanured.  The  spectrum  oJ'  tliin  luminescence 
in  proeejited  by  the  I'rond  bond  at  GGO  r.m,  tlie  lifetime  is 
a)'out  5,3-''’,r>  ms.  The  exlt.ation  spectrum  coincides  v/ith  t)ie 
iil'.''orptlon  rpoctrum  of  the  ap.p.repated  dye  molecules. 

I  liorplioiTncence  meiiaurements  sliow  that  the  triplet 
moleeulea  of  monomeric  DDI’O  are  alway.'>n  present  in  coloured 
films  and  fal-rlcn.  Tlius,  It  In  not  excluded,  that  there 
monomeric  triplet  are  tlie  main  Inltli'tors  oJ  pliotodes- 
tructive  rc.actlonn  In  textile  materials. 

Fe  1  ei^i^c  e  n  •• 

I'l.faallcni,  A  .  A  .  Krasnovsl'y  .Ir,  Yu.  V .  Voval  ev ,  (..'I'.Vliachaturovn  , 

0.  l'..Krichevrk.v ,  I'okl,  A))  SG-SI!  (in  Ihi.sslnn),  1')90,  313 ,  4, 

f',03-f'av 
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PRIMARY  PHOTOCHEMICAL  PROCESSES  OF  ORGANIC  DYES  ADSORBED  ON 

SURFACES 

by  F.  Wilkinson^,  D.R.  Worrall®  and  L.F.  Vierra  Ferreira*^ 

^Department  of  Chemistry,  University  of  Technology, 
Loughborough,  Leicestershire,  LEll  3TU,  England. 

^Centro  de  Quimica  Fisica  Molecular,  Universidade  Tecnica  de 
Lisboa,  1096  Lisboa  Codex,  Portugal, 


The  properties  of  molecules  adsorbed  at  surfaces  are 
modified  to  a  greater  or  lesser  extent  depending  on  the 
nature  of  the  adsorbate-adsorbent  interaction.  We  have 
investigated  the  ground  and  excited  state  absorption  and 
emission  properties  for  oxazine  and  acridine  dyes  when  they 
are  adsorbed  on  the  surface  of  microcrystalline  cellulose. 
Ground  state  absorption  and  fluorescence  measurements  provide 
evidence  for  aggregation  of  these  dyes  on  the  surface,  often 
in  marked  contrast  to  their  behaviour  in  dilute  fluid 
solution.  Monomer  and  dimer  spectra  have  been  elucidated  and 
the  equilibrium  constants  for  diroerisation  measured  for 
several  systems..  Both  fluorescent  and  non-f luorescent  dimers 
have  been  detected. 

The  absorption  spectra  of  the  triplet  states  of  acridine 
orange  and  other  dyes  adsorbed  on  cellulose  surfaces  have 
been  measured,  using  the  technique  of  diffuse  reflectance 
laser  flash  photolysis.  Triplet  lifetimes  which  are  often 
considerably  longer  than  in  fluid  solution  have  been 
measured.  Triplet-triplet  energy  transfer,  with  triplet 
benzophenone  as  sensitizer,  has  been  used  to  allow  relative 
triplet  extinction  coefficients  to  be  obtained  for  the  first 
time.  Both  static  and  dynamic  quenching  mechanism  pertain 
and  the  determining  parameters  controlling  dynamic  aspects  of 
light  induced  heterogeneous  reactions  are  discussed. 
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Photophyaics  of  Eiensoqulnolinos  Along  the  Sol-Cel  Tranoition 
-  A  Probe  of  Structural  Changes  of  the  Transition 
Toohiaki  MAGUCIII  and  Tsuneo  FUJII 

Uoixirtmont  of  Ctiomlatry  and  Material  iiigineering,  Faculty  of  Engineering, 
Slilnshu  Univoroity,  Uakaoato,  Nognno  380,  Japan 


Ttie  advantages,  uniqueness,  and  potentiality  of  the  sol-gel  process  tiavo 
already  well  known.  The  fluorescence  and  fluorescence-excitation  spectra  of 
tliree  bonzoquinolinesdJQs)  during  the  sol-gel-xerogel  transition  of  tetraethyl- 
ortho3ilicate(TE0S)  have  been  observed  as  a  function  of  time.  Three  conclusions 
were  obtained.  First,  BQs  show  two  fluorescencesllH  and  FA)  originated  from 
neutral  form  and  anionic  form  during  the  transition.  Secondly,  BQs  form  o 
hydrogcn-botided  complex  with  silanol  groups  of  surface  of  cage  in  xerogol  state. 
Thirdly,  change  of  ratio  of  the  fluorescence  intensity  of  FN  to  that  of  FA 
occurred  in  four  stages,  being  reflected  the  change  of  chemical  and  ptiyslcal 
circumstances  around  the  do]x:d  OQs. 

Fig.  1  shows  the  weight  change  of  the  reaction  system  and  ratio  of  the 
fluorosconco  intensity  of  PT)  to  tlint  of  FA.  Tito  change  of  tho  ratio  in  divided 
into  four  stages.  In  the  first  stage,  tho  ratio  increases  rapidly,  owing  to  tho 
increase  of  the  silanol  groups  by  hydrolysis  of  TEDS.  In  the  second  stage, 
gelation  occurred  and  the  unchanged  ratio  was  observed.  In  tlio  third  stage,  tho 
foi'mution  of  pores  is  completed  until  this  stage  is  ctxicd.  As  tho  distance  of  tho 
hydrogen  bond  becomes  shortened 
duo  to  shrinkage  of  the  gel, 
tlio  ratio  gradually  increases 
with  anlmiicvimniL  of  incrca.scd 
formution  of  tho  iiydrogon- 
bondod  complex.  In  tho  Innt 
ntage,  tho  rooidual  solvent 
molooulos  around  tho  doped  DQs 
nro  gradually  evaporated. 

Therefore,  tho  ratio  gradually 
npj)roacli  a  dofinlto  value.  In 
ttio  preountution,  a  possible 
intorprolation  for  the  indivi¬ 
dual  stages  is  discussed. 


Fig.  1.  The  weight  change  of  tho  reaction 
system  and  tho  ratio  of  tho  fluorosconco 
intensity  of  FN  to  that  of  FA  for  5,6-OQ. 
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NANOSICCONI)  TIME-RESOLVED  SPECTROSCOPY  AND  NANOSECOND 
DYNAMIC  PHOTOGRAPHY  OR  POLYMER  FILMS  JUST  UPON 
LASER  AIILATION 

Hirosiii  j'.iikumu.ra,  Eiichi  Takahashi*,  Hiroshi  Masuhara 
and  Akira  Uaya' 

Osaka  University,  Suita,  Osaka  565,  and 
•Kyoto  Institute  of  Technology,  Matsu gasaki,  Kyoto  606  (Japan) 


High  density  photo-excited  molecules  embedded  in  a  polymer  film  can 
cause  morphological  change  of  the  surface'**.  The  mechanism  is,  however, 
still  unclear  from  a' molecular  point  of  view.  In  the  present  work,  we  have 
studied  )iphcnyl-dopcd  polyfmcthyl  methacrylate)  films  using  a  KrR 
cxcimer  laser  CidSnia,  t8ns)  to  correlate  photochemical  primary  processes 
with  ablation,  A  nanosecond  streak  camera  system  was  utilized  to  measure 
fluorescence  and  transient  absorption  spectra  of  the  films  just  upon  laser 
ablation.  Fragment  ejection  from  the  surface  was  directly  monitored  under 
a  micruscoiic  using  rhodaminc-dyc  fluorescence  as  a  nanosecond  flash  lamp. 

The  lowest  triplet  state  of  biphenyl  was  generated  and  decayed  rapid¬ 
ly  during  the  laser  pulse,  and  subsequently  a  continuum  absorption  spec¬ 
trum  covering  the  whole  visible  wavelength  region  appeared.;  The  latter 
may  be  ascribed  to  morphological  changes..  Any  transient  species  other 
than  Si  and  Ti  were  not  observed.;  The  film  seemed  to  remain  transparent 
and  have  not  been  ablated  during  the  pulse.  Actually,  fragment  ejection 
was  confirmed  to  occur  at  GOns  after  excitation  by  nanosecond  dynamic 
photography.  It  is.  therefore,  considered  that  it  takes  a  few  tens  ns  fur 
absorhed  energy  to  disperse  in  the  film  and  to  induce  its  ablation. 


<'*11.  I•’ukumura.,  N.  Mibuka,  S.  Eura,  and  H.  Masuhara,. 
Appl.  I'hys.  A,,  in  [irint. 
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Oplical  lilcclrochcmislry  ;  KcaUlimc  Spectroscopy  of  Conduction  Hand 
Electrons  in  a  Metal  Oxide  Semiconductor  Electrode. 

Donald  Fitzinauricc 

Dcparlincnl  of  Chcinislry,  University  College  Dublin,  Dublin  <1,  Ireland, 
lirian  O'Uegan  and  Micliael  Criilzel 

Inslilule  dc  Chimic  I’hysitjue,  Ecolc  I’olylcchniquc  r6d6rale  de  Lausanne, 

Cl  1-1015  Lausanne,  Switzerland. 


Use  of  optically  transparent  Ti02  membranes  has  permitted  electrons  present  in 
the  conduction  band  of  a  semiconductor  electrode  to  be  monitored 
spectroscopically  in  real-time.  It  has  also  been  possible,  for  the  first  time,  to 
correlate  real-time  absorbance  changes  assigned  to  Faradaic  processes  occurring  at 
the  electrode  surface  with  the  real-time  behavior  of  the  charge  carriers  in  the 
electrode,  also  monitored  spectroscopically.  The  purpose  of  this  paper  is  to 
communicate  the  results  of  some  initial  studies  which  demonstrate  the 
usefulness  of  such  an  approach  1«2. 

Transparent  Ti02  membranes  (thickness  4pm)  were  prepared  by  sintering  15  mn 
colloidal  anatase  particles  on  a  conducting  glass  support.  I’otcntiustatic  control  of 
the  Fermi  level  within  the  colloidal-like  particles  of  the  semiconductor 
membrane  is  possible  3.  Visible,  and  near  infrared  spectra  have  been  measured 
for  membrane  biased  at  potentials  between  -1.500  V  and  +1.000  V  (SCE)  and 
indicate  formation  of  an  accumulation  layer  at  negative  potentials.  Spectral  data 
is  presented  in  a  manner  which  permits  determination  of  the  Hatband  potential 
of  the  scmiconduclot  membrane.  The  growth  and  decay  behavior  of  the 
accumulation  layer  have  been  studied  and  can  be  seen  to  be  controlled  by  filling 
of  deep  trap  stales  It  has  also  been  possible  to  monitor  in  real-time  the 
Nernslian  shift  of  the  membrane  flalband  potential  following  reduction  of 
adsorbed  H+  ions  under  acidic  conditions.  Finally,  Faradaic  processes  of 
methylviologcn  at  the  Ti02  membrane,  following  application  of  a  potential  step, 
were  investigated  by  real-time  measurement  of  absorbance  changes  associated 
with  both  the  transport  of  charge  carriers  in  the  membrane  and  the  redox 
processes  occurring  at  the  surface  of  the  membrane. 

(1)  B.  O'  Regan,  M.  Griilzel,  and  D.  Fitzmaurice,  Chem.  Phys.  Lett.,  paper 
submitted. 

(2)  B.  O'  Regan,  M.  Griitzcl,  and  D.  Fitzmaurice,  J.  Phys.  Chem.,  paper 
submitted. 

(3)  B.  O'  Regan,  J.  Moser,  M.  Anderson,  and  M.  Griilzol,  J.  Phys.  Chem.  94, 
(1990),  8720. 

(4)  W.  Schwarzburg  and  F.  Willig,  Appl.  Phys.  Lett.  58,  (1991),  000. 


RELATIONSHIP  IlETWEEN  THE  CEOHETRY  OP  THE  EXCITED  STATE  OF  VANADIUM  OXIDES 
ANCHORED  ONTO  SlOj  AND  THEIR  PHOTOREACTIVITY  TOWARD  CO  MOLF.CULES 
Howard  H.,  Pncterson^ .  Jian  Cheng®,  Scott  Dospres®,  Hasntoshl  Sunantoto^ 
and  Masakazu  Anpo*’,  University  of  Maine®,  Orono,  Maine,  OAA69  (U.S.A.) 
and  University  of  Osaka  Prefecture'*,  Osaka  591,  (Japan) 

Wlien  a  metal  oxide  is  dispersed  on  a  support  surface  both  its 
physical  and  chemical  nature  are  seriously  modified,  often  resulting  in 
high  catalytic  and  photocatalytic  activities  and  selectivitles . 
Fortunately,  metal  oxide  catalysts  such  as  vanadium  oxide  supported  on 
Si02  exhibits  photoluminescence  in  Che  visible  region. 

In  this  paper  we  report  the  Franck-Condon  analysis  of  the  well 
resolved  phospltorescenco  spectra  at  77K  of  vanadium  oxide  catalysts 
ancliored  onto  SIO2  with  different  vanadium  concentrations.  The 

photorcactiviclcs  of  these  catalysts  toward  CO  molecules  have  been 

measured  and  a  good  linear  relationsliip  bcLvaen  Ll)o  yields  of  plioco- 

formed  CO2  and  Che  phospt\orescence  yield  is  obtained..  A  comparison  of 
the  theoretical  Franck-Condon  analysis  and  tlie  exporimcncal  results 
indicate  that  an  elongation  of  the  Internuclcnr  distance  between  vanadium 
and  oxygen  ions  in  the  excited  state  of  the  vanadyl  groups  may  be 
associated  wltli  the  oa.sy  photoreduction  of  the  catalyst  with  CO. 

Further,  the  results  of  the  analy.sis  of  the  well-resolved 
phoColuMilnosconcc  specCium  of  powjlercd  ZnO  and  its  sm.ill  phoLorencclvl  Ly 
toward  CO  are  compared  witli  those  for  vanadium  oxides  anchored  onto  SIO2. 
This  analysis  c.ivos  n.seful  inforinntlon  about  the  lowest  excited  states  of 
the  different  catalysts  and  especially  about  the  primary  processes  of 
photocatalysls  on  a  molecular  scale. 
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Till';  INI'l.Ul'NCl':  Ol-  MKTAl.dl)  nAl.TS  AND  '.K.'l.lD  SUI’l’OKTS  ON  Till'; 
NATUUK  Ol'  Till-'  I’llOTOCIIDMlCAl.  liMACTlOM  OK  1.1  DllM ll-NY I.-7,  1 1 Al.O- 

SUUilTlTUTl'lD  I'Tlll'NliS 

N.Zupniicic  onil  U.llkul, 

Di:)i<\iti>iui>l  uf  (diciiiisli y .  Utiivuisily  of  !.jiil)lj.iiiti, 
l.jiil>l]-in<i,,  Yiujostiivi.i 


I’liiilolyr.is  1)1  1 ,1 -tliiilitiiiy  l-V.-liiiluullioito  ih  iiiolliaiuil  '.olulinii  in  llii:  iitorioiicc 
of  co|)|)ui(ll}  aoclule.,  cuppoiCtl)  liiphlatc  or  uaiJtitiviindl)  iicciilo  rusullcd  in 
the  formalton  of  io(\ic  nnd  radical  ptoducis..  The  lalio  of  innic  at\d  radical 
products  dupendud  on  die  halogen  atom  bunded  and  atsu  stighity  on  die 
sad  used.  The  effect  of  the  solid  support  (silica  gel,,  silica  gel  impregnated 
with  copperdl)  or  cudmiuin(il)  salts)  was  sludied  and  it  was  delei mined 
that  die  product  distribution  as  well  as  the  raliu  of  ionic  to  ionic  and 
rarllcal  ptoducis  changed  in  comparison  lo  Ihe  resulU  obtained  when 
Itradialion  was  carried  out  in  solution. 
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EFFETS  DES  ETIIER-COURONNES  SUR  LA  STRUCTURE  INTERFACIALE  DES 
MICELLES  ET  VESICULES. 

T.  .  D.  Craiul,  ut  S.  ILiul(:cla(|uu. 

ll.A.7r..  llniv.>r.siU‘  Paiis  Slid.  ORSAY  (Fr.nii:c) 

L(:^  i‘lli('r  ('()tir(iiiii<:.s(F.Q  soul  ili;s  coniposi's  cn|ii))ili‘  (ritiuMpsiilfr  li‘.s  oiintri! 
Ions  nil  voislnnip*  dcs  liUnrfncrs  miccllairi's  i;t  vusicnliiiri's.  L'nffi't  il'ndilitlon 
(In  (|Unl<|(ins  EC  siir  la  structun*  liitnrfacialn  iln  inianlhts  ilt“  lailrylMill'iiU*  iln 
sodium  (NaLS)  nt  dn  vt'slculns  dn  dilinsiid(:(;ylpli().splia((!  (Dill’),  nst  nltidii!  par 
rintcrinodlalrn  dn  (Unix  rinictions  dn  triuisl'nrl  d'  (‘'Icctrons:  lit  pliotoionisntion 
(In  la  t('l rtimnlltyllinn/.idlnn  (TMll)  nt  li*  (ll‘■clin  dn  pliotocntioii  (TMlf*^). 

Lns  (■•tii(l(‘S  pn'Ma'nlnntns  avaicnt  niootri-  nix*  inlatlon  lliu'niin"  nnlrn  In  mndn- 
mniil  d'lonlsatlon  «t  le  (xitmitlei  nInctrUiun  hilerl'a(;ial  (AT)  D*  anire  pari, 
la  constaiun  dn  vltessn  dn  dt-cliii  dn  photooation  TMU*  nst  nne  f(.>nctlon  t*x- 
ponnntinlln  dn  AT 

An  conrs  dn  cn  travail,  nons  avons  oli.snrvit  dns  nnidlficallons  dn  AT  .  consA- 
cntivns  .nis  addil  ions  d’  (•lln’r  (.onronin's.  Uans  (li'.s  condil ions  p.nl icnli('r(‘s, 
nne  ani'.innnt <n ion  dn  la  .si''|iai,ni(in  dns  clnniins  >i  pn  ('•lie  misn  cn  ('•vidimcc. 

(I)  A.  lU'i  nas.  0.  Ci.md  and  S.  Ilaiihn  |(■lplc,  K.idiiil,  I’liys.  rlicm.  I'llWl,  !12  ,110') 

(II)  T.  Ill'll  Clia.di.inc,  A.  llcrna:.,  1).  Oiaiid,  .iiid  S.  I  l.nil  ci'lnipin,  J.  I’liys.  Clicin. 

rm?,  'll,,  (por.ri 


•ln;,lilin  Mendideev  .  iMom  on,  MUSS. 
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EFPECTS  OP  CROWN-ETHERS  ON  THE  INTERPACIAL  STRUCTURE  OP  MI¬ 
CELLES  AND  VESICLES. 

T.  M>’as.souiJuv.»*,  D.  Critiul,  aiul  S.  Hautuclutiut*. 

U. A.7ri,  miiviir.sitt-  I’.irii  Siul.  VI40S  ORSAY  (Praiua;) 


Crown  clltor.s  (CE)  contpouiuLs  arc  aLlc  Lo  ca|>liiic  the  counter  iun.s  near  the 
micellar  or  vesicular  interface.s.  The  elTect  of  various  CE  ailtlilion  on  the  In- 
tcrfacial  strui;ture  of  sodiuintaurylsuli'ale  (NaLS)  iniceiles  iind  ilihesailecyl- 
|)hos|ihatc  (Dill*)  vesicles,  is  stuillcd  throiii>h  two  electron  transfer  reactions, 
the  N,N,N',N‘,  li'trainetliylhen/.idine  (TMII)  tdiotoioni/.ation  and  the  pholocatloii 
ITMUM  decay. 

I’reviou.s  studies  liad  shown  a  linear  dependence  of  the  photoionir.ation  yield 
vs  the  Interlauud  electrical  potential  (AT)  1  *  1.  A  relationship  between  TMU* 
dark  decay  rate  and  AT  was  aLso  demonstrated  1  2  ). 

In  the  pre.stmt  study,  photoioni/.ntion  yield  and  TMB'*'  decay  rate  disphiy  an 
opposite  viiriation  vs  CE  concentr.ition..  The  results  are  discussed  in  terms  of 
AT  variations. 


( 1  )-  A.  Dernas,  D.  Grand  and  S.  Hautecloi|ue,  Radiat.  Phys.  Chein.  P'UIl,  112,  iU)')., 

(  2  I-  T.  Den  Chaabane,  A.  ilernas,  D.  Grand,  and  S.  Ilautee.loipie,  J.  Phys.  Chein. 
IVII7,  VI.  (lOr.r,. 


•  Mendeleev  Institute,  Mo.scow,  USSR. 
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EXCITED-STATE  PROTON-TRANSFER  REACTIONS 
IN  LIPID  BILAYER  HEHDRANES  OF  VESICLES 

Y . V . 1 1  ■  ichev ,  A.B .Demyashkevich  and  H.G. Kuzmin 
Department  of  Chemistry,  Moscow  University,  Moscow, 117234, USSR 

Investigation  of  excited-stnte  proton-transfer  reactions 
in  organized  molecular  assemblies  supplies  very  important 
information  on  the  structure  and  dynamics  of  such  systems. 
These  data  are  necessary  to  understand  mechanisms  of  the  proton 
transport  in  biomembranes  and  to  design  artificial  systems  for 
solar  energy  conversion,  etc. 

Proton  transfer  photoreactions  of  some  hydroxyaromatio 
compounds  ArOH  (  1-  and  2-naphthol,  chlorosubstituted  naph- 
thols  )  in  vesicles  prepared  from  egg  lecithin  (  EL  }  or 
dipalmitoylphosphatidyloholine  (  DPPC  )  were  investigated. 
Fluorescence  spectra  and  kinetics  of  ArOH  in  vesicles 
suspension  depend  on  the  lipid  concentration.  Almost  all 
molecules  of  the  hydroxyaromatics  are  solubilized  in  the 
bilayer  membranes  at  the  concentration  of  EL  greater  than  3  mM . 
Further  increasing  the  lipid  concentration  do  not  change  the 
parameters  of  the  decay  curves  and  the  ratio  of  the 
fluorescence  quantum  yields  of  ArO”  (  p' >  and  ArOH  (  p  ). 

In  contrast  to  the  homogeneous  aqueous  solution  the  decay 
curve  of  ArOH  in  lipid  bilayers  at  pHs;?  can  be  fitted  only  by 
the  sum  of  two  exponentials.  The  lifetime  of  the  fast  decaying 
exponential  terra  coincides  with  the  rise  tine  of  ArO 
fluorescence.  This  give  a  possibility  to  suggest  the  existence 
of  at  least  two  different  localization  sites  of  ArOH  in  the 
bilayer.  Only  the  molecules  of  ArOH  located  in  more  hydrophylic 
region  can  dissociate  in  the  excited  state.  The  fraction  of 
these  molecules  can  be  calculated  from  the  ratio  of  two 
preexponential  factors.-  The  temperature  dependence  of  p’/P  for 
various  naphthols  in  DPPC  vesicles  has  a  minimum  near  the 
temperature  of  gel-liquid  crystal  phase  transition.; 

General  dependence  of  the  protolytio  photodissociation 
rate  constants  on  the  equilibrium  constants  was  obtained  for 
vesictlar,  micellar  and  homogenious  aqueous  solutions. 
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liXClTliD  STATli  DIFFUSION  OFTICF  MOLFCULFS  IN  DllF  SUSI’FNSIONS 

L,  Liu,  K.  B.  Pansu,  J.  Faurc,  J.  Koiicin, 

U11A75  Equipc  ENS  Cachan,  Univcrsitd  Paris  Sud,  ‘Jl'lOS  Orsay  (France) 

We  liavc  studied  tiie  diffusions  and  tiuenching  of  the  excited  stiitc  of  some  'I'lCl' 
molecules,  dialkoxy-1,4  anthracene  (Antl,4)  and  bi9,9'(ethyll2-hcxyll0)anthryl  (BOA), 
which  me  cntiapiKd  in  the  bilaycr  memhianc  of  dihcxadccyl  phos|)hate  (DllP).  'J1ic  time- 
icsoivcd  fluorescence  decays  arc  obtained  willi  a  streak  cmiicra  in  the  picosecond  time 
scale.  Our  purpose  is  to  get  a  belter  understanding  of  llic  structure  of  bilaycr  membrane 
fonned  from  artificial  surfactants. 

(1)  'llic  DllP  suspensions  were  obtained  by  die  standard  sonication  proiocoF*! 
The  influence  of  the  ionisation  of  DllP  polar  groups  on  structure  was  investigated  by 
adding  NaOH  to  the  suspensions  prior  sonication.  Quasi  clastic  light  scattering  (QELS) 
and  encapsulation  of  paramagnetic  or  fluorescent  probes  have  been  used  to  investigate  the 
organization  of  bilaycr  membrane  in  DHP  suitpensions  during  preparation.  By  the 
cncapsulalion  measurements  we  show  that  more  than  807o  of  D1  IP  molecules  me 
organized  in  membrane  fragments  witli  tlie  flat  disk  shape,  llie  electron  paramagnetic 
resonance  (EPR)  spectra  of  n-doxyl  stearic  acid  (nNS)  show  that  a  phase  segregation  of 
the  nitroxidc  probes  occurs  in  the  bilaycr  membranes  and  tliat  tlic  added  probes  arc 
localized  in  the  border  of  the  disks. 

(2)  The  isosbcstic  points  observed  from  transient  fluorescence  s|x;clru  show  the 
existence  of  the  two  population  in  the  DllP  bilaycr  membrane,  a  polar  and  a  non  polar 
site.  By  monitoring  the  decay  of  the  fluorescence  intensity,  we  measure  tltc  excited  state 
diffusions  of  BOA  and  Ant  1,4  from  the  core  to  the  surface  of  neutral  DllP  bilaycr.  The 
decay  of  the  inner  population  is  more  rapid  for  Ant  1,4  (ti„=0.23Sns)  than  for  BOA 
(tin=6ns).  'rite  quicker  diffusion  of  Antl4  agrees  with  a  ground  solubilization  of  Ant  14  at 
the  interface.  'I1ic  diffusion  of  the  two  molecules  may  be  controlled  by  the  surface  of 
potential  originating  from  tltc  variation  of  tltc  chemical  afniiiiy  of  the  probe  across  the 
mcmbranc.(^)  In  llic  case  of  charged  DHP  membranes  the  fluorescences  of  two  molecules 
have  the  same  decay  rales  in  the  icd  region  (47Unm)  as  in  the  blue  onc(410nm}.  No 
diffusion  of  the  excited  states  has  been  observed  for  tlic  two  molecules. 

(3)  'Die  efficient  quenching  of  Antl,4  by  nNS  indicates  tliat  the  fluorescent 
molecule  is  solubilized  at  die  border  of  tltc  disks.  No  dependence  of  the  quenching  rate  on 
the  position  of  the  nitroxidc  group  was  observed.  The  isosbcstic  point  on  the  quenching 
spectra  confirms  the  existence  of  only  two  population  in  the  neutral  DllP  membrane. 


1  Pansu  R.,  Arrio  B.,  Roncin  J.,  Faurc  J.  J.Phys.Chcm.  Vol94  796-801(1990) 

2  Pansu  R.  and  Keitaro  Yostiihara  J.Phys.Clicm.  in  press 
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Diffusion  dc  I'Etal  Excite  dc  Molecules  TICT  dans  Ics  Membranes  dc 
Dihexadecylphosphate 


L.  Uu,  R.  B.  Pansu,  J.  Faure.  J.  Roncln, 

URA75  Equipe  ENS  Cachan,  University  Paris  Sud,  91405  Orsay 

(France) 

Nous  avons  <(udid  la  (liffusion  ct  Ic  quenching  de  I'dlut  excitd  de  ddrivds  dc 
ranthraedne.  soil dialkoxyl-1,4  anihracdne(Antl,4)  et  bi9,9'(elhyll2- 
hcxyllO)ani'nyl(IlOA)  qui  sent  cncapsulds  dans  les  bicouches  nrcmbranaircs  de 
dihcxadccy  Iphosphalc  (Dl  IP).  Les  ddclins  de  nuorescence  nSitolus  dans  le  temps  ont  did 
mesurds  avee  unc  camdra  h  balayagc  dc  fente  picosecondc.  Le  but  du  travail  cst  dc 
tnonuer  Texistence  de  fragments  tnembranaircs  ct  de  mieux  comprendre  leur  strvicture. 

(1)  Les  vdsiculcs  et  Ics  fragments  de  membrane  ont  dtd  prdpards  par  sonicationO). 
L'influcnce  dc  rionisation  dcs  tetes  polaircs  du  Dl  IP  sur  la  structure  a  did  dtudid  cn 
neuiralisant  par  la  soude  les  dchamillons  avant  sonication.  Nous  avons  utilisd  la  diffusion 
dc  la  lumidre  et  I'cncapsulation  dc  sondes  paramagndiiqucs  et  nuorescentes  pour  rdiudc 
de  I'organisation  des  bicouches  membranaires  au  cours  de  la  prdparation.  La  mesure  dc 
rcnca|)SuIation  montre  que  plus  dc  80%  dc  moldcules  Dl  IP  sont  organisdes  cn  fragments 
membranaires  qui  ont  la  fonne  dc  disques  plats.  Les  spectres  de  n-doxyl  acide 
sidaritiuc(n-NS)  enregistrds  par  RPE  montrent  qu'il  cxisic  unc  sdgrdgation  de  phase  dcs 
sondes  dans  Ics  disques  ct  que  ces  sondes  rajouldcs  sont  localisdes  uu  bord  dcs  disriues. 

(2)  Les  points  isosbesliques  observds  sur  les  spectres  dc  fluorescence  rdsolus  duns 
Ic  temps  montrent  I'cxistence  de  deux  populations  dans  les  bicouches  membranaires  dc 
Dl  IP,  correspondant  5  deux  environnements  polairc  ct  apolairc.  Kn  analysant  les  ddclins 
dc  rinicnsitd  dc  fluore.sccntc  nous  mestirons  Ics  diffusions  dc  I'dtat  excitd  dc  I'Antl  ,4  ct 
du  nOA  du  coeur  vers  la  surface  de  la  membrane.  1^  ddclin  dc  la  population  interne  cst 
plus  rapkle  pour  I'Antl, 4  que  pour  le  IlOA  (voir  tableau  1).  La  diffusion  rapidc  dc 
I'Antl  ,4  inonirc  hicn  unc  .solubilLsation  initiale  de  ces  molecules  proche  dc  I'inieiTace. 
Dans  le  cas  du  DlIP  sous  la  forme  basique  la  population  rouge  est  plus  favorable  jiar 
rap|H)rt  In  popnlaiion  bleuc. 

tableau  1 


DItP 

Tin  O’S) 
inO%N.iOII 

Tin  (ns) 
in  50%NiiOn 

Ant  1,4 

Mi) 

UOA 

6,63 

6,75 

(3)  I.c  quenching  dc  I’Antl, 4  ct  le  HOA  par  les  n-NS  indique  que  les  moldcules 
nuorescentes  .sont  dissoutes  au  Itord  du  disque.  Ui  viicssc  dc  quenching  cst  inddpendante 
dc  la  position  du  groupc  nilroxidc.  IjCS  points  isoltcstiques  dans  les  spectres  dc  (|iicnching 
siaiionnaire  connmicni  (|u'il  cxi.stc  .sculcmcnt  deux  localisations  des  solutds  dans  les 
membranes  Dl  IP. 


1  Pansu  R.,  Arrio  11.,  Roncin  J.,  Faurc  J,,  J.Phys.Chcm.  Vol94  796-801(1990) 
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nUNSFOnMATION  EN  SOLUTION  AQUEUSE  DO  CYCLOUEXADIENE-l.O  DmiIANOATE-1.4 
DE  SODIUM  ET  DE  L'ACIDE  PllENYLENE-1 , 4  DIACETIQUE  PIIOTOCATALYSEE  PAR  ZnO 

Claire  RICHARD  et  Pierre  DOULE 

Laboratolre  de  Photochlmle  Mol^culalre  et  Hacromol6culalre,  URA  CNRS  433, 
University  Dlalse  Pascal  (Clermont-Ferrand),  F-63177  AublAre  Cedex 

J.M.  AUDRY 

Equlpe  de  Recherche  sur  les  Radtcaux  Llbres  et  TOxygAne  Slngulet, 

URA  CNRS  351,  UFR  de  Pharmacle,  3  rue  du  Pr  Laguesse,  F-59045  Lille  Cedex 

Les  transformations  photocatalytlques  du  cyclohexadiyne-1,3 
dl6thanoate-l , 4  de  sodl.im  (CHDDE)  et  de  1‘aclde  phAnylAne-l  ,4  dlacAtlque 
(PDA)  ont  6t6  AtudlAes'. 

NaOjC  - - COjN,  HO2C  COjH 

^\jr 

CHDDE  PDA 

CHDDE  a  6t6  cholsl  comme  substrat  car  11  permet  de  mettre  er,  fevldence 
1* Intervention  ou  non  de  *0^  dans  la  rAactlon,  pulsqu'll  rAaglt  facllement 
avec  '0^  en  donnant  un  endoperoxyde  spfeclflque 

CHDDE  +  '0  - »  EPO 

2 

La  formation  de  EPO  n'Atant  pas  observAe  lors  de  la  transformation  de 
CHDDE  photocatnlysAe  par  ZnO,  on  pout  concluro  quo  *0^  n’lntervlent  pas 
dans  la  rAactlon.-  Dos  mesures  clnAtlques  ont  AtA  faltes  A  plusleurs 
concentrations  de  substrats,  A  dlffArents  pH  et  en  1’ absence  ou  en 
prAsence  d'alcool  Isopropyl Ique,  utlllsA  comme  capteur  d’OH*.'  A  pH  >=  7, 
pour  une  concentration  de  substrat  de  10  M,  les  rendements  quantlques  de 
transformation  sont  Agaux  A  0,31  el  0,15  pour  CHDDE  el  PDA  respectlvemenl. 
En  prAsence  dc  1'/.  d<:  IPrOII,  11s  lombnnt  A  0,24  cl  0,08.  A  pH  =  11,  11s 
sont  Agaux  A  0,19  el  0,17.  De  plus,  les  dlsparltlons  sont  complAtement 
InhlbAus  pur  ll’iOH. 

On  peuf  oonclure  cpi'cn  milieu  baslquc,  I’oxydatlon  par  OH*  est  la 
prlnclpale  vole  de  transformation.  En  milieu  neulre,  d’autres  espAces 
Inlervlennent  .■  Une  oxydatlon  du  substrat  par  les  trous  posltlfs 
est  proposAe. 


'c.  Richard,  I’.  Houle  cl  J.M.,  Aubry,  J.,  Photochcra.  PhoLoblol.,  A, sous  presso 


N.OaC 


COjNa 


Eflulpo  .to  ItotMrtta  »'ir  1'=  “““  “'’S»'ot.°f”sO*5^LU1'  Codox 
UlU  OIK  351.  uni  do  Pl»...olo.  3  rod  du  Pr  Ugdo 

,50  p„opoo.u>,t.o  ,ro,toro.-t>.o. 
d,ot5.0..P.  (□«)  •»-  ..4-p1to,.p..~d'ooo"«  oCd  (Pd4> 

studied^ . 

aiDDE 

CM  ...  cito... ..  •  p-»4  '°o  “  •"'"' 
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T  r  n « ” : :::.,  ... 

r  1  ‘;.n: >.,.,0.4. 

“'',r:rrrd:o:rrr:..r.tt.p. .. 

is  most  Ukely  one  of  lliem., 

, - - “T";  H  I  M  Aubrv  j.  Photochem.  Pholoblol.  A.  In  press 

'c.  Richard,  P.,  Boule  and  J.M.  Aucry. 
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PHOTOPHYSICAI.  PROPERTIES  OF 
TRIARYL  PYRYLIUM  SALTS 


C.Eco££et,0. Markovitsi 

Centre  d'^tudes  de  Saclay,  SCM,  CNRS  UA  331,  Laboratoire  de 
Plwtochimie,  F-91191  Gif-sur-Yvette,  France, 

M.Vober,  C.Jallabert  and  H. Strzelecka 

ESPCI-CNRS  UA  429,  10,  rue  Vauquelin,  75231  Paris  Cedex  05, 

France 


The  photophysical 
properties  of  a  homologous 
series  of  2,4,6-triaryl 
pyrylium  tetraf luoroborates 
substituted  by  six  alkoxy 
chains 2, 3)  (fig.l)  are 
investigated  in  dilute 
solutions  and  in  their 
columnar  liquid  crystalline 
and  solid  phases.  Both 
oriented  and  non  oriented 
liquid  crystalline  samples 
are  studied. 

The  influence  of  lateral 
chain  length  on  the  absorp¬ 
tion,  fluorescence  and  exci¬ 
tation  spectra  and  on  the 
fluorescence  lifetimes  and 
quantum  yields  is  examined 
in  various  solvents. 

In  the  organized  phases  the  steady-state 
fluorescence  spectra  are  red-shifted  with  respect  to 
those  observed  with  dilute  solutions.  The  presence  of 
two  emission  bands  has  been  revealed  by  time  resolved 
spectroscopy.  These  uands  are  attributed  to  the 
existence  of  different  energy  sites  within  each  column, 
due  to  the  relative  orientation  of  neighbouring 
chromophores .  The  decay  kinetics  which  greatly  depend  on 
the  lateral  chain  length,  consequently  on  the  distance 
between  the  column  axes,  indicate  that  both 
intracolumnar  and  intercolumnar  transfer  processes  are 
involved . 


(1)  STRZELECKA,  a.,  JALLABERT,  C.  and  VEBER,  M.,  1988,  Holec.  Crystals 
Liq.  Crystals,  1^,  355. 

(2)  Davidson,  p.,  jallabert,  c.,  levelut,  A.M.,  strzelecka,  h., 

Veber,  M.,  1988,  (a)  Liq.  Crystals,  133.  (b)  Molec.  Crystals  Liq. 
Crystals,  16X,  395. 

(3)  MARKOVITSl,  0.,  LECUYER,  1.,  CLERCEOT,  B.,  JALLABERT,  C.,  STRZELECKA, 
a.  and  Veber,  M.,  1989,  Liq.  Crystals,  £,  83. 
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DlPrUSION  DU  DIANTI  IDYL  DANS  LES  MILIEUX  MlCRO-l  itT^ROGENES. 


L  Liu,  R  B  Pansu,  J  Faure,  URA75  University  Paris  Sud  Orsay  France 
M.Vincent,  J.Gallais,  LURE  Paris  Sud  Orsay  France 
R  Lapouyade,  URA348  University  Bordeaux  1  Talence  France 
K  Yoshihara,  IMS  Okazaki  Japan 


La  diffusion  et  le  piegeage  de  i'ytat  excity  du  Bianthryl  (BA)  a  yty  ytudiye 
dans  divers  milieux  micro-hytyrogynes  afin  de  dyterminer  la  localisation  de  I9 
moiycule  sonde.  Le  BA  est  une  moiycule  apolaire  mais  sont  son  spectre  de 
fluorescence  dypend  de  la  polarity  du  solvant.  Dans  les  micelles,  la  moiycule 
excitye  diffuse  vers  I'interfacs  aqueuse  ou  elle  est  piygye..  Cette  diffusion  a 
lieu  sur  la  surface  de  potentiel  constituye  par  les  variations  de  I'affinity  de  la 
moiycule  pour  les  diffyrents  cite  du  milieu  micro-hytyrogyne.  Le  cinytique  de 
la  diffusion  refiyte  la  forme  de  la  surface  de  potentiel.  La  dynamique  des 
populations  libre  et  piygye  a  ytye  mesurye  par  fluorescence.  Les  milieux 
ytudiys  Indus  les  vysicules  de  DMPC  (dimeristoyl-phosphatidyl-choline) ,  les 
membrane  de  DODAC  (Dioctadecyl-dimethyl-ammonium  chloride),  las 
micelles  de  CTAC  (Cethyl-trimethyl-ammonium  chloride)  et  de  SDS  (Sodium 
dodecylsulfate)  et  des  suspensions  de  microcristaux  de  bianthryl.  Les 
suspensions  de  tensio-actifs  ont  yty  obtenues  par  sonication  et  filtration  en 
suivant  le  protocole  standard'  Le  courbes  de  dydin  de  fluorescence  ont  ytyes 
obtenues  en  comptage  de  photon  unique  (IMS)  ou  avec  une  camera  a 
balayage  de  fente  (Orsay).  Des  simulation  des  declins  ont  ete  elfectuees  par 
rysolution  numerique  de  I'equation  de  Smolukovsky  afin  de  dyterminer  la 
forme  du  profil  de  potentiel. . 

Dans  les  micelles,  le  temps  caractyristique  de  dypolarisalion  de  fluorescence 
indique  que  la  diffusion  browniyne  a  lieu.  Dans  les  micelles  de  SDS,  le 
bianthryl  rencontre  une  barriyre  ynergytique  sur  son  chemin  vers  la  surface. 
Dans  les  micelles  de  CTAC,  le  bianthryl  apparait  comme  proche  de  la  surface., 

Dans  les  milieu  membranaires  (DMPC,  DODAC),  la  dypolarisation  de 
rymission  que  le  temps  caractyristique  de  rotation  browniyne.  Le  dydin  de  la 

population  "libre"  est  de  la  forme  exp(-kVt).  Ce  type  de  dydin  est  typique  d'un 
processus  de  diffusion  vers  des  pieges  distribuys  aiyatoirement.  Les  deux 
observations  montrent  que  le  BA  forme  des  micro-domaines  dans  la 
membrane  et  qu'une  diffusion  rysonanta  de  I'excitation  a  lieu. 

References  : 

'  Pansu  R.,  Arrio  B.,  Roncin  J.,  Faure  J.,  J.Phys.Cl)cin.Vol94  796-801 
(1990) 

Pansu  R.B..  Yoshihara  K  J.Phys.Chcm.  in  press  (1991) 


Diffusion  of  bianthryl  Excited  States  in  Microheterogeneous  Media. 


L  Liu,  R  B  Pansu,  J  Faure,  URA75  Universit6  Paris  Sud  Orsay  France 
M.Vincent,  J.Gallais,  LURE  Paris  Sud  Orsay  France 
R  Lapouyade,  URA348  University  Bordeaux  1  Talence  France 
K  Yoshihara,  IMS  Okazaki  Japan 


The  diffusion  and  trapping  of  bianthryl  excited  stale  has  been  studied  in 
various  microheterogeneous  media  in  order  to  determine  bianthryl 
localisation.  Bianthryl  is  an  apolar  molecule  but  its  excited  slate  emission 
depends  on  the  polarity  of  the  solvent.  In  micelles,  the  excited  molecule 
diffuses  and  reaches  the  water  phase  where  it  is  trapped.  The  diffusion  of  the 
excited  state  occurs  on  the  potential  surface  and  bariiers  originating  froni  the 
variation  of  the  chemical  affinity  of  the  probe  across  the  microdomain.  The 
dynamics  of  the  diffusion  depends  on  the  shape  of  the  chemical  potential 
profil.  The  inner  and  superficial  population  have  been  measured  by  monitoring 
the  fluorescence  intensify.  The  media  studied  include  DMPC  (dimeristoyl- 
phosphatidyl-choline)  vesicles,  DODAC  (Dioctadecyl-dimethyl-ammonium 
chloride)  membranes.  CTAC  (Cethyl-trimethyl-ammonium  chloride)  and  SDS 
(Sodium  dodecylsulfate  micelles  and  bianthryl  microcristal  suspensions.  The 
surfactant  suspensions  were  obtained  by  sonication  and  filtration  using 
standard  preparation  protocols’  The  fluorescence  decay  curves  where 
registered  with  the  picosecond  time  correlated  single  photon  counting  method 
(IMS)  or  with  a  streack  camera  (Orsay).  Simulation  of  the  decays  where 
performed  using  the  numerical  solutions  of  the  Smolukovsky  diffusion 
equation,  in  order  to  determine  the  shape  of  the  chemical  potential  profil. 

In  micellar  systems  the  fluorescence  depolarisation  lifetime  indicates  that 
physical  diffusion  occurs.  In  SDS  micelles,  bianthryl  encounters  a  barrier  on  its 
way  to  the  surface.  In  CTAC  micelles  bianthryl  appears  to  bo  close  to  the 
surface  but  no  diffusion  of  the  water  inside  the  micelle  is  observed. 

In  membrane  systems  (DMPC,  DODAC),  the  depolarisation  of  the  emission  is 
much  shorter  than  the  expected  rotational  relaxation  time.  The  decay  of  the 

membrane  population  has  tho  form  of  oxp(-kVi).  This  decay  shape  is  typical  of 
a  diffusion  process  to  randomly  distributed  traps.  Both  observations  shows  that 
bianthryl  molecules  form  micro-domains  in  the  membrane  and  that  exciton 
diffusion  and  trapping  occurs. 


Refcrciice.s  : 

'  Pan.su  R.,  Arrio  13.,  Roncin  J.,  Faure  J.,  J.Pliys.Cliem.Vol94  796-801 
(1990) 

Pansu  R.B.  Yoshihara  K  J.Phys.Chem.  in  press  (1991) 
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PHOTOCIIEMICALLY  SWITCHED  PHASE  TRANSITIONS 
IN  LYOTROPIC  LIQUID  CRYSTALLINE  SURFACTANT  SYSTEMS 

Thomas  Wolff  and  Bernhard  Klauflner 

UnlversltAt  Slegen,  Physikalische  Chemle 
D-5900  Slegen,  F.R.G. 


In  concentrated  aqueous  surfactant  solutions  ( >  20  %  by 
weight)  interactions  of  micellar  aggregates  lead  to  the  forma¬ 
tion  of  lyotropic  liquid  crystalline  phases.  Phase  transition 
temperatures  (pT)  in  these  systems  may  be  increased  or  decrea¬ 
sed  by  several  degrees  upon  addition  of  small  amounts  of  cer¬ 
tain  aromatic  compounds  while  other  aromatic  compounds  do  not 
show  this  effect.  In  some  cases  it  is  possible  to  transform 
photochemical ly  compounds  of  the  former  class  to  compounds 
belonging  to  the  latter' Thereby  in-situ  changes  of  pT*  beco¬ 
me  possible  simply  by  exposing  the  samples  to  a  suitable  radia¬ 
tion  field.  This  allows  reversible  swichtlng  of  phases  when 
samples  containing  photochromic  solubllizates  are  irradiated 
under  conditions  near  pT,  provided  the  isomeric  forms  of  these 
solubllizates  have  different  influences  on  pT.  In  principle, 
the  observed  effects  are  of  interest  for  photochemical  informa¬ 
tion  storage. 

We  want  to  report  on  light  induced  phase  transitions  be¬ 
tween  liquid  crystalline  phases  and  (optically)  isotropic  pha¬ 
ses,  obtained  using  cationic  (cetyltrimethylammonlum  bromide) 
and  non-ionic  (Triton  X-100)  surfactants  and  stilbene  as  well 
as  azobenzene  derivatives  as  photochromic  solubllizates.  The 
results  indicate  an  influence  of  the  geometry  of  the  respective 
photoisomers,  i.e.  longish  Isomers  of  solubllizates  stabilize 
the  isotropic  phase  rather  than  corresponding  globular  isomers. 


(1)  T.  Wolff,  CoUoid  Polym.  Sci .  267  (  1909)  345. 
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Tl  lli  NATURIi  OF •I'llIZ  EXCITUD  STATFS  OF  CdS  SliMICONOUCl  OR 
PlIOrOCATALYSrS 
Stephen  Doherty  and  Joint  Sodenit 

Scliool  of  Clieniiciil  Sciences,  University  of  Cast  Anglia,  Norwich  NIM  TV],  UK 

Interest  in  scniicondiictor  systems,  such  ns  CdS,  ZnS  and  'ri02  has  increased  rapidly  in 
recent  ycais  due  ntiiinly  to  their  potential  use  ns  solar  harvesting  systems.  The  compotinds 
hitvc  al.so  found  an  important  utility  in  the  photosynthesis  of  organic  molccidcs.  Many  of  the 
studies  employ  colloidal  dispersions  of  the  .scmicondtictor  materials  and  in  order  to  maximise 
their  photocatnlytic  .activity  it  is  cic.arly  im|X)rtant  to  characterise  the  nature  of  the  excited  states 
involved.  In  this  work  the  luminescences  of  CdS  colloidal  dispersions  has  been  investigated 
using  a  combination  of  steady-state  and  time-resolved  absorption  and  emission  s|)cctroscopics. 
Fluorescence  was  found  to  originate  with  two  main  chemical  surface  stales  whose  emission 
properties  are  also  suscc])liblc  to  particle  size  effects. 

Colloidiil  dispersions  of  nanometre-sized  c.admium  suljihidc  particles  (R<lnm)  were 
l)rc))arcd  in  AOl'/hcpIanc/watcr  reversed  micelles  (microcmiilsions).  These  solutions  give  a 
strong  emission  centred  around  470  nm  but  includes  shoulders  at  425,  450,  500  and  530  nm. 
'rite  profile  is  found  to  be  sensitive  to  the  ratio  of  cadmium  to  sulphide  used  in  the  pre|)aration, 
with  the  sulphide-rich  species  being  responsible  for  the  longer  wavelength  emission. 
Interestingly  this  type  of  emission  is  rapidly  quenched  as  a  function  of  lime  (err.  2  hours) 
presumably  due  to  chemical  changes  within  the  system.  Two  types  of  CdS  dispersion  with  1:1 
stoichiometry  (cadmiumtsulphide)  were  also  prepared  to  give  an  initial  sin  face  excess  in  cither 
one  of  the  species.  Again  it  was  shown  from  our  measurements  that  the  preparation  which  has 
the  more  sulphide-enriched  surface  gives  the  lower  energy  luminescence.  However,  all  the 
emission  profiles  become  similar  as  a  funetion  of  time  presumably  because  the  colloidal 
surfaces  evolve  towards  formal  1:1  stoichiometry,  litis  information  coupled  with  our  further 
ob.scrvaiions  on  the  rapid  fluorescence  quenching  which  occurs  on  the  addition  of  water  points 
to  the  over-riding  im|X)rlancc  of  surface  sites  in  the  emission  of  CdS. 

Fluorescence  lifetime  measurements  of  the  systems  reveals  complicated  multi- 
cxponcnlial  character  in  all  cases.  However,  by  investigating  the  system  using  iime-re.solved 
emission  spectroscopy,  we  have  shown  for  the  first  lime  that  only  two  species  give  rise  to  the 
observed  lumine.scence.  One  type  decays  rapidly  {1-5  n.s)  and  emits  at  short  wavelengths 
(425  nm):  the  second,  longer-lived  species  (t  ~  50  ns)  emits  at  lower  energy  (475  nm).  We 
believe  that  these  two  main  components  arc  responsible  for  the  emission  in  all  of  the  CdS 
species  we  have  produced.  The  low  ci.c'gy  species  can  be  assigned  to  surface  cadmium 
vacancies  (sulphide  excess)  whilst  the  high  energy  species  arc  surface  sulphide  vacancies 
(cadmium  excess). 

On  production  of  larger  sized  CdS  particles  (R  =  2nm)  we  find  that  the  emission  profile 
is  led-shifled  (530  nm)  in  accord  with  a  concomitant  decrease  in  the  uv  absorption  band  gn|) 
energy. 


Qunntuin-sizcd  IlgS  in  Contact  with  Quantiiin-sizcd 

CdS-Colloids 

A.tlSsscIharlh,  A.nychmOllcr.  H.Wcncr,  ttahii'Mctincr'tnsiilul.  Ilcrh'n  Cmhll, 

Abt.  I'hutochemic,  Ottcmckcr  Sir.  100.  D-lOOO  Ucrlin  39 

It  lias  been  accomplished  to  grow  differently  sized  IlgS 
nanocrystallites  in  a  controlled  manner  on  the  surface  of  CdS- 
nanocrystallitcs,  thus  forming  a  so-called  sandwich  colloid. 

The  charge  carrier  dynamics  in  colloidal  CdS  arc  reasonably  well 
understood  (1,2).  Now  we  investigate  a  more  complex  system 
exhibiting  both  electron  and  hole  transfer  from  CdS  to  Q-sized  IlgS, 
the  recombination  of  which  gives  rise  lo  remarkable  fluorescence 
properties.  The  maximum  of  the  fluorescence  band  of  Q-HgS  can  be 
shifted  according  to  its  size  (quantum-size  effect)  between  580  nm 
and  770  nm.  Hence,  it  is  possible  to  prepare  solutions  showing 
exquisite  green,  yellow,  orange  or  red  fluorescence  (fig.  1). 

We  confirmed  the  existence  of  these  sandwich  particles  by  chemical 
and  spectroscopic  methods  and  traced  (he  opto-elcctronic  properties 
by  means  of  static  and  time-resolved  fluorescence  spectroscopy  at 
temperatures  between  room  temperature  and  liquid  helium 
temperature.,  A  fluorescence  mechanism  will  be  proposed.. 


Figure  I;  t^uorcscence  spectra  of  CUS  in  contact  widi  IlgS  of  various  siae. 

I.itcraturc:  (1)  M.  O'Neil.  J.  Marohn,  0.  McLcnilon.  J.  Phys.  Chem.  94  (1990)  4356 
(2)  A.  EychmUllcr,  A.  Ilttssclharth.  L.  Katsikas.  II.  Weller 
Her.  Ilunscngcs.  Phys.  Chem.  95  (1991)  79 
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PllOTORIJDOX  PROCESSES  ON  MIXED  Ti02/PO202  COLLOIDS 


GoUtfried  GRADNER 

Institut  Ciir  TRcoretische  Chemie  und  Strahlencliemie , 
Universitat  Wien,  WShringerstrasse  38,  A-1090  Vienna,  Austria 

and 

Jaroinir  JIRKOVSKY 

Ileyrovsky  Institute  of  physical  Chemistry  and  Electro¬ 
chemistry,  Dolejskova  3,  18223  Prague  8,  CSFR 

Photocataly tic  properties  of  aqueous  solutions  of  mixed 

Ti02/Fe202  colloids  (Pe^^^-content  between  0.02  and  5%)  have 

been  studied  by  laser  flash  photolysis  (  -  355  nm)  and 

transient  absorption  spectroscopy.  Reduction  of  methyl 
2  + 

viologen  (MV  )  in  alkaline  solution  (pll  11.6)  and  oxidation 
of  SCN  in  acid  solution  (pll  1.7)  have  been  examined  in 

detail.  Laser-induced  formation  of  transients  (MV^  or  (SCN) I) 

III  ‘ 

depends  on  the  Fe  -content  of  the  colloid.  Application  of 

a  model  developed  previously ^  shows  that  quantum  yields  of 

2+  2+ 

MV  reduction,  as  well  as  concentrations  of  adsorbed  MV  , 

decrease  with  increasing  Fe^^^-contont ;  tlic  opposite  is  true 

for  SCN  oxidation.  In  contrast  to  wliat  is  obtained  in  pure 

Ti02  colloids,  the  dependence  of  the  concentration  of  SCN 

adsorbed  on  the  particle  surface  on  bulk  SCN  concentration 

does  not  conform  to  a  single  adsorption  isotherm.  Formation 

of  (SCN),  is  observed  even  at  very  low  bulk  SCN  concentration 
“5  ^ 

(<C10  M)  /  indicating  the  contribution  of  specific  coinplcxn- 

3+ 

tion  of  SCN  with  surface  Fe  ions. 


(1)  G.Grabncr  and  R.M. Quint,  Langmuir,  in  press. 
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THE  PHOTODEGRADATION  OF  LIGNIN  MODELS  IN  SOLID  MEDIA 
Relnaldo  Ruggiero*  and  Miguel  G.  Neumann* 

^Univeraidode  Federal  de  UberlGndia  (Brazil)  and 
*Unlvereldade  de  Sao  Paulo  (Brazil) 

The  photodegradation  of  ether  modela  of  llgnlne  included 
In  PMMA  polymer  matrlcea  or  abaorbed  on  low  denaity  polyethy¬ 
lene  filma  haa  been  etudied  ualng  flaah  photolyala  and  ateady 
etate  Irradlatlona.  Reaction  producta  were  identified  by  chro¬ 
matography,  ir  and  uv-via  apeotroacopy.  The  modela  included  a- 
and  /9-0-4  ethera,  which  may  contain  OH,  OCHg,  and  CO  groupa  at 
various  posltiona  on  the  chain  or  the  rings. 

The  transient  spectra  observed  by  flash  photolyala  of  all 
ether  models  in  solid  media  ahowed  the  presence  of  phenoxy  ra- 
dioala,  similar  to  thoae  found  in  aolutlon'**,  indicating  pri¬ 
mary  photochemical  steps  corresponding  to  the  cleavage  of  the  a 
or  p  ether  bonds,  or  when  present  phenolic  O-H  bonds.  In  gene¬ 
ral,  a-0-4  bonds  cleave  easier  than  /9-0-4  bonds.  Also,  the  pre¬ 
sence  of  carbonyl  groups  at  the  o  position  Ircreaaes  the  rate 
of  this  reaction,  posslbily  due  to  energy  transfer. 

On  the  other  aide,  no  ketyl  radicala  were  detected,  indi¬ 
cating  that  abstraction  of  hydrogen  atoms  by  excited  carbonyl 
groups  la  not  as  efficient  as  in  solution,  as  expected  from  the 
lower  mobility  of  the  species  in  these  media.  Similarly,  in  the 
absence  of  oxygen,  no  coupling  products  leading  to  coloured 
species**'  were  observed.  Under  these  conditions,  no  formation 
of  carbonyl  groups  could  be  detected. 

These  results  show  that  great  care  has  to  be  taken  when 
trying  to  extended  the  reaction  mechanisms  of  photodegradation 
of  models  in  solution  to  those  for  the  lignins  in  their  natural 
environment. 

“’Neumann,  De  Groote,  Machado,  Polym.Photochem. ,  7,  401  (1986) 
'*’CaBtellan  et  al.,  Holzfoi'echung,  43,  179  (1909) 
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OBSERVATIONS  DURING  THE  EXPOSURE  OF  A  Ce-Pd  INTERFACE 
TO  WATER  VAPOR  AND  SOLAR  LIKE  LIGHT 

T.  Greber  and  L  Schlapbach 

Inslilul  de  Physique  Universilo  do  Fribourg,  Perolles,  CH-1700  Fribourg 


Reduced  CeOa-x  is  known  to  be  oxydized  at  room  temperature  with 
water  under  hydrogen  release.  If  palladium  is  added  to  tliis  system  the 
reaction  rate  is  increased  by  more  than  two  orders  of  magnitude. (U  A 
photo  reduction  of  Ce  would  allow  further  hydrogen  generation  by  this 
process.  After  the  observation  that  water  dissociates  on  a  Ce-Pd 
interface  and  a  large  portion  of  the  released  hydrogen  penetrates  into 
the  palladium  substrate, (2)  further  hydrogen  can  be  generated  in 
illuminating  such  a  system  consisting  in  a  Ce-Pd  interface  and  water 
vapor  in  the  gas  phase  with  solar  like  light.  The  reaction  was  studied  in 
ultra  high  vacuum  by  means  of  a  hydrogen  sensitive  metal  insulator 
semiconductor  (MIS)  device. (3)  After  the  passivation  of  the  metallic 
interface  by  water  vapor  the  hydrogen  detector  indicates  at  water 
pressures  of  10-5  Pa  hydrogen  generation. 


Figure  1  Response  of  Ce-Pd  MIS  detector  under  light  exposure  lo  gas 
burs!  dosages.  A  clear  effect  is  observed  if  such  a  structure  is  exposed 
lo  10'^  Pa  water  vapor.  The  effect  is  compared  with  a  10'^  Pa  hydrogen 
gas  burst.  The  dashed  lines  correspond  to  the  shift  decrease  before  the 
bursts  which  indicates  the  hydrogen  depletion  of  the  detector. 

(1)  K,  Otsuka,  M.  Hatamo,  A.  Morikawa,  J,  of  Catal.79,  493  (1983) 

(2)  T.  Greber  and  L.  Schlapbach,  Contribution  to  the  Metal-Hydrogen 
Systems  Symposium,  Stuttgart  1900,  in  Z,  f.  Phys.  Chem,  Neue 
Folge,164,  1213  (1989) 

(3)  I.  Lundstrom,  Sensors  and  Actuators  1,  403  (1901) 
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DESOIUM  ION  D’lONS  TOSITIFS  INOUITE  I’AU  IMI'ACr  I)E  PHOTONS 
suit  LCS  MOLECULES  CONUENSEES  (C1I4-II20) 

L.  IlclIncfC*).  G.,  Dujardin^*),  R.  Airia(^),  M-J.  Rnmnge^*),  Y,  Le  Coai^^) 
Laboraloire  <ie  Pholophysique  Moliculaire,  Centre  National  de  la  Reclicrclie  ScicntiTiquc, 
Ultiinent  213,  University  Paris-Sud, 

91405  -  ORSAY  Cede*,  France 
et, 

(^)Lnboratoirc  pour  I'Utilisaiion  du  Rnyonneincnt  Elcctromagniti(|ue  (LURE), 

Centre  National  dc  la  Ucclicrclic  Scientirique,  Commissariat  A  I'Energie  Atomique, 
Minisli.re  de  PEducation  Nationale, 
lIAliment  2090,  University  Paris-Sud 
91405  -  ORSAY  Cede*,  France. 

Laboraloire  dcs  Collisions  Alomiques  ei  Moiyculaircs, 

Ulliment  351,  University  Pa  is-Sud, 

91405  -  ORSAY  Cede*,  France, 

L'excilation  enirc  20  el  100  eV  de  moUcules  condensyes  en  multicouclics  peut  produire 
dirferenls  processus  yiecironiques  comme  la  simple  ou  la  multiple  ionisation,  l'excilation  d'yiais 
satellites  ou  de  Rydberg.  Ccs  processus  primaires  et  tes  ryactions  secondaires  induilcs  A  la  surface 
de  lels  systymes  par  impact  de  photons  peuvent  yire  sondys  par  I'analyse  en  masse  dcs  ions 
posilifs  dysorbys. 

Cas  de  11,0  :  ^ 

1)  Par  impact  de  photons  sur  la  glace  en  multicouclics,  scule  la  dysorplion  de  II  est  observy^ 
avee  un  seuil  A  25  eV.  Ce  seuil  correspond  probablement  A  la  formation  d'yiats  satellites  de  11,0^ 
et  la  dysorplion  de  IT  peut  ceriaincmeni  s'expliquer  par  un  mycanisme  comparable  A  celui 
proposy  pour  expliquer  la  dysorplion  d'ions  dans  I'argon  condensy(*). 

2)  Quand  une  submonocouchc  de  11,0,  dyposye  sur  un  film  formy  de  multicouclics  de  krypton 
est  photoexciiye  entre  20  et  150  eV  la  dysorplion  d'ions  est  dominye  par  la  dysorplion  d'agrygals 
(ll,0)„  ir  (n>  I  A  10).  L'inlcnsiiy  de  la  dysorplion  de  ccs  agrygais  suit  exactemenl  la  variation 
dc  la  dysorplion  de  Kr'*'  dans  le  krypton  pur  en  fonction  de  I'ynergie  d'excitation.  Dans  ce  cas 
I'energie  d'excitation  absorbye  par  le  subsiral,  en  I'occurence  le  krypton,  est  Iransfyrye  aux 
agregats  d'eau  (ll,0)n  en  surface  oil  la  dysorplion  a  lieu. 

Cas  de  Cit^  : 

La  photocxcilaiion  du  mythane  condensy  entre  15  et  60  eV  induil  la  dysorplion  d'un 
grand  nombre  d'ions  posilifs  dom  la  masse  est  comprise  entre  1  ct  40.  II  y  n  deux  ^randcs 
families  d'ions :  I'ion  parent  CII^^  el  Ics  ions  provenant  de  sa  fragmentation  (It  ,  ClIj'^^CII,  , 
...)  cl  ceux  provenant  dc  ryactions  ion-molecule  en  surface  (CHj\  C,!!,  ,  C,llj^.„).  L'ion 
parent  lui-myme  est  observy  avee  un  rendement  trys  faible,  un  seuil  A  25  eV  el  une  augmenlalioii 
bruiale  vers  35  eV.  Lcs  ions  fragments  npp.araissciit  A  dcs  yncrgics  comparables  A  cellcs  de  In 
phase  gazeusc(^).  II  faul  remarquer  que  Ic  rendement  de  tous  Ics  ions  primaires  cl  secondaires 
nugmentent  brulalcmeiit  aux  environs  de  35  eV  qui  est  le  seuil  dc  double  ionisation  dc  Cil^  en 
phase  gazcusc(^). 

Conclusion  : 

Comme  nous  I'avons  dymonlry  pour  Ics  rarcs  gaz  condensys(*),  la  desorption  dcs  ions 
simpiemcnl  charges  est  principniemcnl  gouvernye  par  un  acte  primairc  qui  impliqiie  l'excilation 
de  deux  yicctrons  (formation  d'ytals  satellites  ou  double  ionisation)  suivic  par  un  ychnngc  de 
charge  inlermoiyculaireou  une  ionisation,  Ensuile,  la  rypulsion  coulombienne  entre  Ics  2  charges 
positives  produii  rejection  dcs  cspices  chargyes  posilivemenl.  Ces  r6sullals  mclicnl  en  yvidence 
le  rple  de  mycanismes  suppiymeniaires  (fragmentation,  ryaclion  ion-moiycule,  formation 
d'agrygals  en  surface)  pour  la  dysorplion  d'ions  quand  les  moiycules  sont  conccrnycs, 
Riftrcnccs 

(1)  G.  Dujardin,  L.  Ilclincr,  M.J.  Ramagc-ilcsnard  and  R.  Azria, 

I’hys.  Rev.  Lcll,  64,  1289  (1990) 

(2)  M.  Ait-Kaci,  Thesis,  Orsay  1988. 

(3)  G.  Dujardin,  D.  Winkoun,  S.  Leach,  I’liys.  Rev.  A  31,  3027  (1985). 
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DESOurnoN  ok  I'osnivE  ions  induceu  iiv  riioioN  imtact 
ON  CONDENSED  MOLECULES  (CII4  -  lljO) 

L.  Ilclincrl*).  G.  Dujardin^*!,  11.  Azri:<(^),  M-J.  Uarn.iguf^l,  Y.  Lc  Coall^) 
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Illtiincnt  213,  Universitc  I’aris-Sud, 
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(OLaboratoirc  (tour  rUlilisalion  du  Kayonnement  Elcctroinncnciiquc  (LUKE), 

Centre  National  dc  la  Rcclictclic  Scicnliri(|uc,  Commissariat  A  I'Encrgie  Atoinit|uc, 
Ministcre  dc  I'Etliication  Nationalc, 

Uaiimcnl  209D,  Universitc  Faris-Sud, 

91*105  -  OKSAY  Cedex,  France. 

(^iLaboraloire  dcs  Collisions  Atomiques  et  Moicculaires, 

UAtimenI  351,  Universili  I’aris-Sud, 

91*105  -  OKSAY  Cedex,  France. 

The  excitation  in  20-100  eV  energy  range  of  molecules  condensed  in  multilayers  can 
produce  dirferent  electronic  processes  as  single  ionization,  multiple  ionization,  excitation  of 
satellites  slates  or  Rydberg  stales.  Those  primary  processes  and  the  secondary  reactions  induced 
at  the  surface  of  such  systems  by  photon  impact  can  be  probed  by  the  mass  analysis  of  desorbed 
positive  ions. 
lIjO  ease 

1)  I3y  photon  impact  on  ice  in  multilayers,  only  the  desorption  of  11'*'  is  observed  with  a 
threshold  energy  at  25  eV.  This  threshold  corresponds  probably  to  the  formation  of  satellites 
slates  of  II2O'*'  and  the  desorption  of  11'*'  can  certainly  be  explained  by  similar  mechanism  as 
those  involved  for  ion  desorption  in  condensed  argon(‘). 

2)  When  a  sub  monolayer  of  U2O  on  a  multilayer  film  of  Kr  is  pholoexcited  between  20  and 
150  eV  the  ion  desorption  is  dominated  by  the  desorption  of  clusters  (Il20)n  ll''■(n  -  I  to  10). 
The  intensity  of  the  ion  desorption  follows  extictly  the  variation  of  the  desorption  of  Kr’*  in 
pure  krypton  as  a  function  of  e.xciialion  energy.  In  this  case  the  excitation  energy  absorbed  by 
the  substrate  (Kr)  is  Iransfcrcd  to  the  clusters  of  II2O  at  the  surface  where  tlie  desorption 
occurs. 

Cl  I,)  case  : 

The  photocxcilnlion  of  condensed  methane  between  15  and  60  eV  induces  the 
photodcsorption  of  positive  ions  dispersed  on  a  large  mass  spectrum  (m  >  I  to  40).  There  are 
two  main  families  of  ions,  those  issued  of  the  fragmentation  of  the  parent  ion  CII4'*  (H*, 
CII2''’,  CHj'*,...)  and  those  resulting  from  a  ion-molecule  reaction  (Cl  15''',  C2n3'*,  C2II5'''...). 
The  parent  ion  itself  is  observed  with  a  much  lower  yield.  The  threshold  for  the  desorption  of 
CII4''’  is  measured  at  around  25  eV  with  a  sudden  increase  of  the  yield  at  around  35  eV.  The 
fragment  ions  appear  at  energies  which  arc  similar  to  those  observed  in  gas  phasel^l. 
Nevertheless  it  should  be  noticed  that  the  yield  of  all  ions  (primary  and  secondary),  increased 
suddenly  at  35  eV,  double  ionization  threshold  of  CU4  in  gas  phasd^). 

Conclusion  : 

As  we  have  den  'nstraled  for  the  rare  ga$cs(*\  the  desorption  of  singly  charged  ions  is 
mainly  gouverned  by  a  primary  act  which  involved  the  excitation  of  two  electrons  (formation 
of  satellites  states  or  double  ionization)  followed  by  iniermolecular  charge  exchange  or 
ionization  leading  to  a  Coulomb  repulsion  between  positive  charges.  In  addition  the  present 
results  emphasize  Ihc  role  of  additional  mechanismes  (fragmentation,  ion-molecule  reaction 
and  cluster  formation  at  surface...)  of  ion  desorption  when  molecules  are  concerned. 
References  :' 

(1)  G.  Dujardin,  L.  Ilellner,  M.j.  Ramage-Uesnard  and  R.  Azria, 
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SYNTlllISlS  OP  (Cr,.  Ti,)jO,  SOLID  SOLUTION 
UY  LASLR-IGNITGD  VAPOR-PllASG  RGACnON. 

Tosliiviiki  Oviiiiia.  Yasuliiro  litnura,  Tadaliiro  Isliii'  ,and  Kaziio  Takciiclii 

The  liiiiilutc  of  Physical  and  Chemical  Rcscarcli, 

2-1,1  llrosawa,  Wakoshi  351-01,  (Japan) 

*Dci)arlincnl  of  Applied  Chemistry,  Science  University  of  Tokyo, 

1-3,  Kagurazaka, Tokyo  162,  (Japan) 

Recently,  much  attention  has  been  paid  to  the  Pine  ceramic  powders  prepared  by  chemical 
va|)or  deposition;  the  rinc  powders  produced  by  a  vapor-phase  reaction  have  a  low  impurity 
level  and  a  narrow  size  distribution.  In  the  present  work  we  have  obtained  a  monodispersed  fine 
powder  of  (Cr,,^  “  single  phase  by  igniting  a  chain  reaction  in  a  gas  mixture  of 

CrOjClj-TiCI^-ilj  with  a  TGA  COj  laser.. 

The  explosive  reaction  induced  by  irradiation  of  the  gas  mixture  with  a  focused  single  laser 
pulse  was  accompanied  by  a  strong  orange  emission.  Tlic  reaction  products  were  I  ICl  and  dark- 
green  particles.  I'he  distribution  of  particle  sizes  was  relatively  uniform  with  a  mean  particle 
size  of  0.25)1111.  For  all  the  experiments  the  P(26)  line  of  the  10.6pm  branch  at  939cm  '  was 
used,  corresponding  to  the  Cr-0  stretching  mode  of  CrOjClj.  The  X-ray  diffraction  patterns  of 
the  ))owders  ))roduccd  arc  almost  identical  to  Uiat  published  for  CrjO,,'*'  a’'!.ough  the  peaks  arc 
shificd  to  lower  an^  •  s.  Lattice  constants  were  calculated  by  the  method  of  Wl’PD.'”  The 
lengths  of  the  a-and  e-axes  of  ihc  hexagonal  unit  cell  of  the  oxide  produced  increase  linearly 
with  increasing  TiCI/CrOjClj  ratio  in  the  gas  mixture.  The  differences  in  lattice  constants  arc 
due  to  the  different  ionic  radius  between  Cr”(0.63A)and  Ti’*(0.76A).  From  the  experimental 
results,  we  consider  ihal  because  of  the  small  difference  in  the  ionic  radius  of  titanium,  it  can 
occiijiy  the  regular  cation  |)osition  giving  a  substitutional  solid  solution.  Com|)osilional  changes 
result  in  Ihc  color  of  the  particles  varying  from  light-green  to  dark-green. 
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PIlOmi’llYSICS  AND  I’liOTOCIIIiMUSTUY  Ol-  COMPOUNDS 
wnn  MULTIPLE  PATHWAYS,  W(CO),plii:n 
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The  compound  W(COLphen  (plicn  =  1,  10  phcnanlhrolinc)  is  pliolochernically 
iniere.sling  as  it  has  been  established  that  ligand  substilution  proee.s.ses  occur  from  a 
inctal-to-ligand  charge  transfer  (MLCP)  excited  stale*".  Pre.ssure  dcpendeticc  sludic.s*" 
have  revealed  that  ligand  substitution  follows  an  ii.s.sociative  mechanism  upon  irradiation 
into  the  MLCP  band.  However,  upon  excitation  into  the  ligand  field  (LE)  band,  ligand 
substitution  follows  a  di.ssociativc  p-athwiiy*".  Furthermore,  non-etiuilibiium  multiple 
luminciiccnco  has  been  ob.served  for  W(CO)4phcn’”,  thereby  indicating  rather  unusual 
photophy$ic.s.  'Hius,  we  have  initialed  a  time-resolved  absorption  study  using 
picosecond  la.ser  Hash  phololysLs.  The  system  u.scs  a  mode-locked  Nil/YAG  la.ser  with 
a  2,5  mJ,  30  ps  pul.so  with  wavelength  of  355  nm  or  532  nm  for  excitation  and  a  425- 
675  nm  probe  pul.se  for  detection.  Hie  excited  stale  absorbance  was  ob.served  within 
20  ps  of  excitation  into  the  LF  or  the  MLCP  band,  but  there  is  a  lime  dependence  in  the 
excited  stale  absoibance  following  MLCT  excitation  which  is  mi.ssing  following 
excitation  into  the  LF  hand.  Solvalochrumic  shilts  evaluated  fur  the  excited  state 
absorbance  arc  similar  to  lho.se  ob.served  in  l^•e  ground  state  ab.soi  bailee.  Alternative 
models  for  pholopb.ysical  events  will  be  considered. 

(1)  11. K,  Van  Dijk,  P.C.  .Seivaa.s,  D.J.  .Stulkcns,  Ad  O.skam,  Inoie.  Chim.  Acta..  104, 
179.  (1985) 

(2)  ILW.,  Balk,  'P.,  .Snoeck.  D.J.  .Stulkens,  Ad  Oskam,  Inori’.  Chem..  19,  3015,  (1980) 

(3)  K.A.  Rawlin.s,  A.J.  Lees,  liiore.  Client..  28,  2154,  (1989) 


f 

^  'I'lin  i’iKn(x;iii;Mis'i'HY  or  amino  .‘;im:;TiTin’i:o  i  ,'i-NAi'iii'iici<,iiiJt)ONi;r; 

Aijal.li.\  M.  Viljooii  ant]  rcans  J.C.  MarLiii:; 

Ueiwi Linen L  of  ClicmisLry,  PoLcliefsLroom  UnivecsiLy  Lot  C. II . I].  , 
I’oLclicrstrooin  2S20  (SouLh  Africa) 


IL  Im:;  been  uliowii^*^  LlinL  i>lioLolyuiH  of  2-aiM Inn- 1  ,<) -luipliLluiiinl none 
Jn  iicel.it;  nnliyilr  J  tie  le.itln  lo  llie  r<>iiii.iLlun  ol  I  lie  Liliiieilc  (i-ll’-aiiilno- 
2 '  -  ( 1  ,<1  -napliLlioqn  tnony L )  ) -tUbentioII>,li] carbazolu-'j  #  I  3  1 7 , 1 2-tUi|nlnoiiR  an 
well  a:i  J ,  3  ' -il  J.niil  no-2 , 2  * -bl-1  ,'l-ntii)bLliotinJnony  L  ttniJ  il  I  benr.u  [b  ,li|  ca  rb.i^ 
zola-b,  I3t7, 12-dltiui.nonc 

Wo  now  wish  Lo  roporL  that  nubsLlLuLLoii  In  Lbo  3-posiLlon  of  2- 
amino-1  ,'1-napliLboqulnono,  wiLli  tjroups  sucli  as  inoLliyl,  plienyl,  balotjcn 
or  amino,  Lends  Lo  cause  plioLochcmlcal  auLoxitlaLion  Icadlntj  mainly  lo 
Live  CoimaLJon  of  pliLhalic  acid.  The  rcacLion  probably  proceeds  vJa 
cpoxidaLion  followed  by  liydrolysls  and  subsequent  ring  cleavage.  A 
roacLion  moclianisra  which  explains  tills  phenomenon  will  be  di.,cussed.. 

The  photolysis  of  3 , 3*-diaiiilno-2,2 '-bl-1  ,'1-ntiphthoqulnony  1  sur¬ 
prisingly  took  tpiJ  to  a  diCCccent  course  to  produce  n  piothict  with  a 
molecular  iiviiio  of  (lO't  conL.iinii  only  two  secontliry 

amino  groups.  The  photochemical  condensation  of  the  Iwo  bi(|uinony1 
raoleouios  is  unique  in  the  sense  tliat  it  incorporates  the  loss  of  two 
primary  amino  group:..  'Hie  structure  of  IJiis  unusual  photoproduct  n:i 
well  ns  a  possible  explanation  for  its  formation  will  bo  tlli.cuusetl . 


(1)  P.J.C.,  M.irLin!i,  A.M.  Vlljoen,  S.J.  b’trydom,  b.  Pourie  and  I’.b. 

'.'essels,  Tetrahedron,  1900,  <14,  591-590. 
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'iiiK  iNri(AM()i.i.ciii.,\u  i*ti(n()cvci.r/.Ari(iN  or  n-i  (z-iiAi-OAiivi.- 
AI.HYI.ll'YinitlNIUM  AUll  N-AKYI.AI.l:YI.-:’-IIA1.0l’YKIl)INIllM  SALT;:. 

Cli:iin;-ltan  Clmiii;-IV>  Clioi  nml  Kiip-fiik  K'ii 
IK-parl in-ii(.  oT  Clu:»i!!lry,  C<>ll<-|',i!  of  Ijoioma-::, 

Kyiiii|',|K)<)k  Nal  ional  Uiiiv<Ti::l y.  Tai"i;u  70;!-70l,  Kon-a 

VariiHi'!  tl-aryliO.liyl-Z-lialopyriiliiiiiia,  :(-aryl»i'l  liyl-X-lialopyriilitiitm,  N  - 
I  ( y-lnlii-ary l)i'l liy  1  Ipyi'iili riiuB  ami  N-1  (Z-lialoaryllBi'l liy  1  Ipyr'nli niu»  aalL;:  v,<‘ri' 
•.ynl  licaizril  .iml  llii-ic  pliiil<)<;h<’Bii:iil  anil  plii>l.upliy::ii:a  I  I’roprrl  ii;:;  al  inlii'il.  Il|nii 
iri'nli.ilioii  I  In'  aipii'uii  :  ..nliit  lull':  of  .'I -ai  yli'lliyl-Z-i.lilurnpyriili  iiiii*  '.alt.  ami 
N  arvlac'! liy  1 -y  I'lil'icn  pyi'tdtiiiiiii  :.alt  arc  i  yrl  i.'.i'il  to  p.im'  imi'piiiiol  iub  ••.all  .'iml 
I '.oi  inlol  iu«  •:alt,  i-i'.i'''' 1  ivi'ly.  In  ••onlr:i:;l  lo  llic  pyriil  i  niii*  ■:.'ill:;,  I  Im 

.icpii  on;:  •.loliil  ion  .of  .’l-C’  lialoU-n/yl)  ii.inpiinol  inn  '.all  apiniar  noL  lo  nmloii'.o 
I'liol  O' V' I  i  .'.al  ion.  In  lit*'  plmliM.yi.l  i,.'..il  ion  of  U- (Z-i  liloi'ol/on/.yl )- Z- 

<  liloro)iyri<lininia  n.ill,  pyi'nlol  Z,  l-al-A-cliloroiHoiinlol  in#  nail  in  roi'Bi'il  liy  I  In: 
(.■l<'iiv;i(;(:  of  I'lilorini'  nion  of  pyriiliniiic  rini’..  Tlii:;  inilii'alc;:  Dial.  Ilii'  I'Xi.'ili'il 
Boii'ly  i*.  nol  III*'  pinnyl  rini;,-  Iml  l.lii-  pyriiliniiiB  rini’,.  lli*'  Iripirl.  ';lal.i>  of 
Hu:  pyriili nin»  ;:.ill;,  ar*'  iiiviilvi'il  in  Hi*'  plioliK.yrli/al  ion,  ;;ini;t'  oxyip'ii  rnlanl;; 
mi', I  of  it.'ai.l  ion.  .’i.ia*'  a-;',  i  ;.l  am.i'  of  a  h -•.oapli'A  lu.lui'i'it  lln'  r.<i.ili'il  i.liloi'in*' 
B'lii'ly  ol  III*  '..ill';  .'mil  I  In'  pln-nyl  pl.in*'  of  I  lit-  ::a»i''  nolrmilf  i  ■:  rnipiii'fil  lo 
^•■<.|'lain  lln'  I'l.mllvily  of  I  In'-  ':.ill::.  lln'  ri'.irl.ivi'  pyriilinina  ;..'ill;:  li;i\i'  .'i  low 
flnoi  v'.i  I'in.i'  i|n.inlnu  yii'liKiki  <  0.01)  ami  a  liii'.licr  l.i'iplrl.  I'Unt  I'.ydit  > 

(..'‘.I  i.,i  1 /iiol.)  I  li.in  lln'  nni  ••a*  I  ivi'  'piiiiol  ininm  ".all.  Tin-  nnri'.’n  I  ivi  I  y  of 

I  .0.11;  i  nol  I  n inn  :;.'i  1 1  i  .in  Ix'  nnil*  r:.l ooil  in  n'lal  ion  to  i  I '.  Iiii'.li  I  I noi'i'.'a  I'ln  *' 

'Pi.inln'j  '..'O'lil  :iinl  il'.  1.  t'  li  ipl'  l  I'ln'ri'.yd  i  l.lki..il/nol'') . 
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PHOTOCHEMICAL  HEACTIVITY  OF  2, 4 , C-THINITHOPHENYL  N-SUUSTITUTED 
AMINO  ACIDS  AND  PEPTIDES. 

J .M.  Fredoriksen  and  N.llorril:, 

University  of  Copenliagcn,  Denmark. 

Tlie  pliotoclieinislry  of  N-2, 4-dinilrophenyl  substituted  amino 
acids  have  been  subject  to  several  investigations^  but  only 

a  single  sliort-communicction  has  appeared  on  the  ligljt-induood 

reactions  af  N-2, 4, O-trinitrophenyl(TNP)  amino  acids  and  pep- 
5 ) 

tides.  According  to  this,  2, 4, 6-trinitroanilin  (picrarnid)  is 
the  main  product  when  TNP-amino  acids  or  TNP-dipeptides  are 
irradiated  in  dilute  acid. 

We  have  reinvestigated  the  pliotodcgradation  of  a  series  of 
TNP-amino  acids  (glycin,  alanin,  valin,  leucin,  isoleucin,  pl>e- 
nylalanin  and  2-amino-OGtanoic  acid)  in  weakly  basic  solution. 
The  products  are  identified  as  2-nitroso-4 , 6-dinitroanilin  (2), 
carbondioxide  and  the  aldehyde  (4)  with  one  carbon  less  than  the 
amino  acid  (see  sclteme).  TNP-tryptophan  is  not  pliotoactive.  Dy 
irradiation  of  TNP-dipeptides,  the  unsubstituted  aminoacid  is 
set  free. 

MiCIIKCOOII 


NO, 

1 


Nil,  Nil, 

NO,  HO, 


NO, 

z 


♦  CD,  +  KCIIO 

i 


Irradiation  of  N-2, 4-dlnitropIienyl  substituted  aminoacids 

1-4 ) 

does  also  lead  to  reduction  of  the  oz'tho-nitrogroup,  '  but 
light-sensitivity  is  higher  in  cose  of  TNP-substitution.  Theso 
features  make  the  TNP-group  a  potential  light-removable  protec¬ 
tion  group  for  solid  phase  peptide  syntheses. 


1)  Russel,  D.W.:  niochem.  J.,  07  (1963)  1;  J.Choni.Soc. .  1963, 

094;  IMd^,  1964,  2029. 

2)  Neadle,  b.J.  and  Pollitt,  R.J.:  J.Chem.Soc. (C) . .  1967,  1764; 
ibid.,  1969,  2127. 

3)  Meth-Cohn,  0.:  Tetraedron  Lett.,  1970,  1235. 

4)  MacFarleno,  P.H.  and  D.W.  Russel:  Tetraedron  Lett.,  1971,  725 
5.)  Satake,K.  and  Okuyama,T.;  Bull.  Chem.  Soc.  Jap.  32  (1959)  526. 
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Sin(;lo-l’hol.on  Timing  Dntn  AnalyslB  of  the  I’roho 


Migration  Kinetics  in  Micellar  Systems 


H.ll.  Gehlen.  N.-  Boens  and  P,C.  De  Schtyver 
Chemistry  Department  K.U.  Leuven 
Celestl jnenlaan  200P  3001  Leuven  Belgium 


Gluhal  analysis  with  the  reference  convolution  method[l]  Is  applied 
to  study  the  effect  of  the  probe  migration  on  the  fluorescence  quenching  in 
micellar  system.  Analysis  of  synthetic  single  photon  timing  data  based  on  a 
multiexponuntlal  decoy  function  to  the  probe  migration  kinetlcsfZ]  is  used 
to  search  the  recovery  of  the  model  parameters  and  to  test  its  model 
testing  capability.-  The  results  of  such  analysis  clearly  indicate  that  the 
model  parameter  recovery  can  only  be  obtained  under  simultaneous  analysis 
of  various  decay  curves.  The  simultaneous  analysis  of  four  or  more  decays 
at  diverse  quencher  concentrations  Including  the  monocxponcntlal  decay  of 
the  probe  in  the  absence  of  quencher  Is  suggested  as  a  standard  procedure 
to  search  this  more  complex  kinetics  involving  the  quenching  of  a  probe  In 
micelles . 

The  iippllcnlilllty  of  this  simultaneous  iinnlyols  is  extended  to  real 
experimental  data  obtoinod  for  the  quenching  of  tlie  probe  sodium  l-pyrene 
sulfonate  by  tl\e  quencher  N-tetrodecylpyrldlnlum  chloride  in  aqueous 
hexadecyltrimothylammonium  chloride  (CTAC)  micelles.  Values  of  the  rate 
constant  of  quenching  and  probe  migration  os  well  as  the  mean  aggregation 
number  of  CTAC  are  determined  an  a  function  of  the  smfnctnnt 
conctMitration . 

References 

[1]  N.  Boens,  A.  Mallioris,  M.  Von  der  Auweracr,  II.  Luo  and  F.C.  De 
Schryver,  Cheni.  I’hys.  121(1980)73 

(ZJ  M.ll.  Gehlen,  M.-  Van  der  Auweraer,  S.  Rcckmnns.  M.G.  Meumnnn  niul 
F.C.  Do  Schryver,  J.,  Phys.  Cheat,  (accepted) 
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IMIOTOOXYCICNATION  CATALYTIQUIC  DU  I.S-CINKOI^K  I'AU 
l/OXYdKNM  MOMiCtJLAIRK  CATAI.YSKK  I*AR  (Hii.,N)4  U'l,,  O.u. 

J.  ZAKREWSKI  C.  GIANNOTH 

liisiiiiii  «lc  Cliiinii;  ilcs  Siihsi.'iiiccs  N:inirclllos,  CNitS,  Gif-siir-Yvciic  ccilcx  I'liANCE. 

E'irrmli.itioii  (X  >28()nm)  dc  scluiions  ilans  1‘aecioiiiirilc  du  1,8  cincolc  1  salurces  d'oxygcm; 
inoicculnire  et  rontenatu  dcs  quantiids  catalytiqucs  dc  (UimN).)  W10O32  conduiseiU 
I'oxygiinalion  dc  cc  prcxltiit  natiiret,  ta  CGL  induitie  la  foniiadon  dc  quairc  |)ioduits  priiicipaiix. 
Le  remlemem  total  dc  ces  prodiiits  monooxygdiics  dc  1  (voir  plus  loin)  ct  lit  proportion  n'ayant 


Coiumc  on  Ic  voit,  apros  2  homes  tie  phololysc  unc  ipiantiid  rolativoiiicnt  grande  dcs  prodniis 
inonooxygcncs  do  inomo  tpi'uno  bonne  corros|)ondancc  tin  biian  dc  m.i.sso  (W'/o)  sont  oliionus 
Unc  photoly.se  iirolongco  conduit  a  unc  (piantitd  dc  jnoduits  inonooxygcncs  ot  it  tin  hilan  do 
masse  plus  mauvais,  cortainomom  du  la  formation  du  produit  tli-ct  polyoxydd  (Ic  memo  ollot 
a  etc  observe  dans  la  photooxygdnatio  1  dc  radamantanc  dans  ccs  .sysiomcs. 

Nous  nous  attendions  it  cc  que  la  composition  du  melange  rdactionncl  pout-dtre 
considdrablenioni  simplifid  si  on  oxyde  tons  les  alcools  secondairos  en  cdionos 
corrospondantes. 

Ell  fait,;  nous  avons  Irouvd  qiie  le  traiicniont  du  melange  rdactionncl  avoc  un  execs  dc 
chlorochromato  do  jiyi  illinium  dans  le  Cll2Cl2a  tempdrature  ambianlo,  comluit  it  la  di.sparition 
tie  tlciix  tics  t|ti;iiios  |>roduiis  oxygdnds,  lamlis  i|nc  la  timmiiid  ties  ilcux  piotliiits  icsimit 
•s'accioii.  Ajiics  co  tiaiiomcni  I'analysc  par  CG  L  -MS,  moniro  ipio  cos  iloiix  inoihiiis  .sont  ties 
tldiivds  iiion<>cdionit|iicstlc  I  (iii/c  =  168).  La  pio|aiilion  relative  tie  cos  piodims  ciaii  tie  2,  VI 
l.'c.spdiiciico  lie  contiolc  a  montrd  tpic  cos  priKliiiis  no  sont  pas  loinids  ii  paitii  tie  I  apics 
traitiiiont  avoc  lo  chlorochromato  dc  pyridiniuin  mais  seiilcmont  par  transformation  d'alcool 
socoittlaircs  formes  thins  la  phoiooxytlaiion  ties  edtuncs  corrospundamos  Nous  tivoiis  pii  i.solor 
line  petite  i|uaniiid  tie  protliiiis  purs  cl  nous  avons  iroiivd  ipio  lo  compose  majoritairo  ost  lo 
l,'l,3-irimdihyl-2-i)xahicyclo-|2.2.21  tKian-.Vono  2  laiulis  quo  lo  compose  minour  diait  lo  1,3,3 
iniiidihyl-2-oxahicyclo(2  2.2|  ociano-6onc  3. 


pas  rdagi  sont  donnds  dans  io  tableau  1. 


I  1 
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I'llOruOXYCiliN/Vl'lON  I.S-CINlLULli  UY  MOl.l'CUl.Alt  OXYCil’.N  f/Vl  Al.YSI'.l) 

UY(11u,,N),,\V,o032. 


J.  ZAKUZIiW.SKl  :iiul  C.  GIANNOITI 

lii.siiiiil  lie  Cliimic  lies iiubsUuiecs  Naiiiiclles,  CNIGS, (.jil’-Mii-Yveile  ceilex  I'KANCli. 


'I'iie  iiiailiiiiion  (X>2K(liiiii)  of  oxyt'.cii-saUiiatcti  soiuliuiis  of  l,K  ciiieolc  liii  aceluniiiile 
coiuainiin;  ealalyiie  aiuouiu  of  (Bu'IN)4\VHX)32  leads  (o  oxygeiiatioii  of  this  iialiiral 
jjiuducl;  llie  GLC  sliosved  fonnalioa  of  four  principal  pioducts.  The  total  yield  opt'  these 
pioducts,  assumed  to  be  monooxygcnaied  derivatives  of  I  (see  later)  as  well  as  the  yield  of 
recovered  are  given  in  the  Table  1. 


t  t 


TiOf'  i 

t  Wtl  ftrht  ol 

r>m»  (hi 

V 

1  1  iV| 

( 

« 

1  ! 

t) 

n 

t  ’ 

15 

As  is  seen  alter  2  his  of  photolysis  a  lelalivciy  high  yield  ol  moiKKixygenation  products 
as  well  as  a  goixl  mass  balance  (94%)  was  obtained.  Mote  prolonged  photolysis  makes 
mu.ss  balance  and  total  yield  of  inuiio  o.xygcna  lion  products  woise,  piesnmably  as  a  lesnll 
of  the  formation  of  di-  and  more  oxygenated  pioducts  ( the  same  effect  was  observed  in 
p'lOtoo.sygcnation  of  adamanlane  by  this  system. 

We  expected  that  cum|)o.sition  of  the  teaction  mixture  may  be  considerably  simplified  if 
we  oxiduc  all  secondary  alcohols  formed  to  the  corresponding  ketones.  In  fact  we  have 
found  that  treatment  of  the  reaction  mixture  with  an  excess  of  pyiidinium  cbloroehromatc  in 
Cl  12C12  at  r.  t;  icsults  in  disuppeaiance  of  two  from  four  oxygenation  juiHlucts,  whereas  the 
amount  of  two  remaining  pioducts  increases.  After  this  treatment,  CiLC-MS  analysis 
.showcil  that  these  two  prixlucts  arc  monokcio  derivatives  of  1  (m/e=  1 68).  The  ratio  of  lhe.se 
products  was  2.5:1.  Contiol  experiment  has  shown  that  these  products  are  not  formed  from 
1  upon  the  treatment  with  pyridinium  chlorochromate  and  only  translotmation  ofsecoudaiy 
alcohols  foimed  in  |)hotooxygenation  to  coricsponding  ketones  takes  place.  We  have  been 
successful  in  isolation  of  small  samples  of  pure  compounds.  We  favc  found  that  the  major 
product  was  l,3,3-irimcthyl-2-oxabicyclO'12.2.21ocian-5-Oiic  2  whcicas  the  minor  one  wtis 
the  l,3,3-tiimethyl-2-oxabicyclol2.2.2)oetan-6onc 3 
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K)N  I'OUMINC;  l'K()i:iiSSl-;S  upon  248  mil  LASKU  I'lXCn  A'l  lON  OK 
hkn/.opiiknonk  in  aquioous  solution 

ilciiiuti  Goinur 

Max-l’lanck-lnsiiliit  liir  Strahicnciicmic,  0-43.10  Mullicim  an  dur  Uiilii,  Guiinany 
I'ausli)  lili.sci  and  Giaiuia  i-avaiti 

OipaiiimcnU)  di  Cliimica,  Uiitvci.siui  di  Pciiigia,  l-OOKK),  Puiiigia,  Italy 

l)cn£()|)la:iu)ia:  (0)  under  UV  iiiadiation  Is  known  to  iindeigo  ellieient  isc 
and  the  lowest  n.n  triplet  state  is  responsible  lor  most  of  its  pluiiocliuniistiy^*^  We 
have  studied  I)  in  ai|ueuus  solution  by  time-resolved  absoiption  and  conductivity 
technK[ues.  'T-‘T  annihilation,  being  almost  unavoidable  upon  ptil.sed  248  nm  la.ser 
escitation  (especially  at  high  inicnsiiy),  is  now  attributed  paitly  to  an  election 
iiansler  leactioii  leading  to  the  cation  and  anion  ladicals. 

+  ^11*  ->  11^-  a  If'  (I) 

Oispiopoitioiiatioii  (I)  plus  leactiuiis  (2)  and  (3) 

I)*'  +  lIjO  -»  U-Oll  +  11^  (2) 

11^  +  01  r  -»  iijU  (.1; 

may  account  lor  the  ohseived  negative  tiansient  conductivity  signal  in  the  I- 100  (ts 
lange  at  pll  >'■).  It  is  likely  that  leaciioii  (2)  ol  the  latlical  cation  with  waici,. 
loiming  the  Oil-adduct  ladical  and  11^,  is  faster  than  the  20  ns  pulse  width. 

A  second  ion  loiining  piocess  (4),  leading  to  I!'*'’  and  hyihated  elections,; 
IS  photoioni^ation  as  a  consecutive  two-photon  piocess. 


2  hv 

0 

- >  If-  +  e' 

iH| 

(“1) 

l■ulthelmole,  .secondary 

reactions  involving  e'^  and  the 

piotolytic 

ketyl-i  adical/anitin-i  atlical 

etiuilibritim  (.1), 

ir-  + 

iLo  ->  Dll  +  oir 

^  r- 

(.1) 

pK.j  =  y.2,  weie  obseived  and  aie  discussed. 


(I;  M.  IJ.  Letigcr  ami  G'.  I’oitei,  I.  Chein.  .Stic.  I'aiailay  'Tians.  I  (i8  (1972)  .139. 

D.  M.  Uayner  and  P.  A.  II.  Wyatt,  J.  Cliem.  Stic.  Ihiraday  ’Trans.  11  70  (1974)  yd.!. 
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rnOTOCllEMISlRY  OF  CONJUGATED  TOLYACEIYLENES 

I 


Sail)*  Cliul  SIttin*,  Saii|;  Jtn  Lee  and  Jan|;  Ityuk  Kwon 
Department  of  Chemistry,  Korea  Advanced  Institute  of  Science  &  Technnlogy 
P.O.  Box  150  Qicongyangri,  Seoul  13()-650,  Korea 


'llic  piiotorcaction  of  l,4-diphcnyl-l,3>butadiync(DPD)  with  an  electron  deficient 
olefin,  dimethyl  fumaratc(DMFu),  yields  1:1  and  1:2  photoadducls.  'lire  1:1  photoadduct 
was  produced  by  [2+2]  photocycloaddition  reaction  of  DPB  with  DMFu  and  the  1:2 
photoadduets  were  produced  by  the  addition  reaction  of  photo-rearranged  intermediate 
of  1:1  adduct  and  DMFu.  One  of  the  1:2  photoadduets  possessed  a  cyclopropane  and 
an  oxiranc  moieties  and  the  other  two  cyclopropyl  groups. 


Irradiation  of  DPD(4  mmol)  with  two  unsymmctrical  olenns,  ticrylonitrilc,  (AN)  and 
ethyl  vinyl  ether,  (EVE),  at  300  nin  yields  rcgiospccific  1:1  pholoatlducls(l  anti  2)  and 
1  ;2  photoadducls(3-6). 


Characfcriz.'ilion  of  the  photoprotiucts  and  a  plausible  reaction  mechanism  will  be 
(liscus.sed. 
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I’llOTOPIIYSICAL  PHOI’ERTIES  OP  ACIUDINC  OHANC'.E  IH  REVEHSEI) 
MICELLES  or  tXjnECYL  AMMOMIUM  PPOPIONATE 
Marie  Josce  Marl!*,  Silvia  M.B.  Costa*  and  L.E.  Vieira  rerrelra 
Centro  de  Qulmlca  Cstrutural 

(• 

Centro  de  Qulmlca  Plslca  Molecular 

Complexo  I,  Instltuto  Superior  TAcnlco,  1096  Lisboa  Cedex  -  I’Oll'IUCAL 

Acridine  Orange  aggregates  in  water  and  fluorescence  emission  are 
observed  from  both  monomer  and  dimer***.-  Also,  the  formation  of  dye 
aggregates  at  premlcellar  surfactant  concentration  has  been 
detected*^*,.  However,  In  Dodecyl  Ammonium  Propionate  reversed  micelles, 

*  ^  *  4 

only  monomers  are  observed  In  concentrations  ranging  from  10  -5.10  M 
for  acridine  orange.  The  absorption  and  emission  properties  are 
strongly  dependent  on  the  water  content,  and  surfactant  concentr.al  Ion. 
Indeed  two  monomeric  species  emitting  at  ASO  nm  and  530  nin  arc 
detected,  their  ratio  varying  In  the  range  of  W  =0-7.  A  well  defined 

O 

Isosbcstlc  point  at  448  nm  Is  observed  In  the  absorption  spectra.  In 
the  same  range.; 

Fluorescence  quantum  yield  (Table  1)  and  lifetimes,  us  well  as 
tlme-resolved-spectra  were  determined  for  this  system,.  In  order  to 
evaluate  the  equilibrium  of  species  present.- 


b) 

.430 

bl 

bl 

w*’=o 

0 

0.12 

0.  14 

0.20 

0 

0.16 

0.22 

0.31 

II  0 

2 

- 

- 

0.16 

Table  1:'  Fluorescence  quantum  yields  at  different  excitation  wavelength 

and  water  content,  a)  W  =(ll  0|/(surfactant|  ;  b)  Excltallon  wavelength 
9  z 

The  possibility  of  FOHSTEH  energy  transfer  occurlng  between  the  two 
forms  will  be  discussed  In  order  to  explain  the  data  observed. 


(1)  H.J. Marti,  L.F. Vieira  Ferreira  and  S.M.U. Costa,  to  be  published. 

(2)  M.G.  Newmann  and  M.ll.  Cchlen  -  J. Col  lold.  Intel  f.Scl .,  135  (1990)  209. 
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PilOTOlHDUCED  ELECTRON  AND  ENERGY  TRANSFER  REACTIONS  IN 
OIL- IN-GELATIN  BXULSION  FILMS 
Philippa  C.  Evans  and  Pater  Douglas 
Chemistry  Department,  University  College  of  Swansea,  Singleton  Park, 
Swansea,  SA2  8PP  (U.K.) 

Photochemistry  In  heterogeneous  systems  has  been  an  active  area  of 
research  for  a  number  of  years,.  However  the  oll-ln-gelatln  emulsion  films 
which  are  used  extensively  In  photographic  materials  have  received  relatively 
little  attention. 

Ve  wish  to  report  results  from  Investigations  of  such  systems  Involving 
a)  steady-state  and  laser  flash  photolysis  room  temperature  emission  studies 
of  oil  soluble,  and  water  soluble  lumophores,  contained  In  emulsion  films  a 
few  tens  of  micron  thick  composed  of  a  gelatin  matrix  with  a  0.5-9%  (w/w>  n- 
dlbutylphthalate  oil  phase;  and  b)  studies  of  the  generation,  mobility,  and 
reactions  of  singlet  oxygen  In  swollen  gelatin  emulsions  composed  of  5%  (w/w> 
gelatin  In  water  with  a  0.5%  (w/w)  dlbutylphthalate  oil  phase. 

Emleelaa  Studies  la  Thin  Films  At  low  oil  phase  concentrations  the 
luminescence  decay  of  the  oil  Insoluble  Ru(bipy>3^*,  Is  non  monoexponentlal. 
However,  the  decay  kinetics  can  be  fitted  to  two  components,  one  of  which  has 
a  lifetimes  comparable  to  that  of  Rulblpyla**^  In  degassed  water,  (610  ns) 
while  the  other  major  component  Is  significantly  longer  lived  with  t  >  1.5  ps. 
This  lifetime  decreases  as  the  oil  phase  concentration  Is  Increased  from  0.5 
to  9%,  perhaps  as  a  result  of  the  overall  higher  O2  concentration  In  oil  rich 
films.  The  paosphorescence  lifetimes  of  two  Pd"  porphyrins,  one  oil  soluble, 
one  water  soluble,  have  also  been  determined.  For  the  water  soluble  Pd" 
porphyrin  Tf>  was  comparable  to  that  In  degassed  water,  as  expected  for  a  gel 
phase  of  very  low  oxygen  permeability.  Surprisingly,  the  oil  soluble  Pd" 
porphyrin  also  showed  a  long  lifetime.  Inconsistent  with  Its  location  In  the 
oxygen  rich  oil  phase  droplets..  This  may  be  due  to  complexatlon  of  a 
fraction  of  the  porphyrin  by  the  gelatin  matrix.. 

Singlet  Ox/gen  Studies  The  degree  of  phase  separation  and  singlet 
oxygen  mobility  In  swollen  gelatin  emulsions  has  been  probed  by  comparing 
the  rate  of  loss  of  an  oil  soluble  ’O2  acceptor  (rubrene)  in  the  presence  of 
either  an  oil  or  water  soluble  photosensltiser.  Preliminary  studies  Indicate 
that  the  rate  of  rubrene  loss  Is  “  6  X  faster  In  the  presence  of  the  oil 
soluble  sensltlser,  but  rubrene  loss  Is  still  significant  with  a  water  soluble 
sensltlser,  suggesting  partial  spatial  separation  of  the  reaction  components.^ 
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ETUDG  PHOTOPHYSIQUE  DE  COMPLEXES  DU  RUTHENIUM  (II)  D  UNE  QUATERPYRIDINE 

••  TWISTEE  •• 

Ciliiioiid  AML'UYAL,  CJi  A2I1ARI 

Lnborololro  tlr-  Phyr.h'O— des  nnyonnoinont^ 

I  IRA  ilii  CMRS  n*  75 

Ddl  J.'jO  -  I InlvfrsHA  Porli-Surf  -  91<l()5  Kr.int.f 


ip  LLIIM.  R.ivnioiiil  ZlL'.i'.'L  1. 

In'iiltut  !*•  Bi?l.  LtnlvHfih«>  Loul'i  Posiour 

I  Franijf* 


Les  complexes  bipyriiliniques  de  m£taux  de  transition,  tels  que  [Ru(bpy)j  (bpy  =  2,2' 
-bipyridtne),  sont  tres  etudies  en  raison  de  leur  mtiret  (ondamental  et  applique.  Ils  sont, 
en  effet,  souvent  utilises  pour  initier  des  processus  de  transfer!  d'^lectron  ou  d'inergie 
photoinduits.  Mais  &  notre  connaissance,  les  complexes  quaterpyridiniques  de  m4taux  de 
transition  n'ont  fait  I'objet  d'aucune  4tude  photophysique. 

Dans  ee  travail,  on  d^crit  les  propri^t^s  spectroscopiques  et  photophysiques  de  deux  nou> 
veaux  complexes  de  Ru(ll)  d'une  quaterpyridine  (qpy)  "twisKe”,  I'un  est  monomicliaire 
CRulbpy)^  (tmqpy)]^*  et  I'autre  dlmicliaire  (  tRu(bpy)2  32  (*WRPy)>**  (tmqpy  =  5,5’,  3", 
5'"-tetramethyl-2  ,2:  6', 2"  :■  6",  2"'-quaterpyrldine).  Ces  propriitis  sont  comparies  4  cel- 
les  du  complexe  CRulbpylj  (dmbpy)]®'*'  (dmbpy  *  5,5'  dimethyl'2,2’-bipyrldinB)  qui  peut  §tre 
consid4r4  comme  le  "monomdre"  du  complexe  dinucliaire.  En  effet,  le  ligand  qpy  substitu4 
a  4t£  concu  de  maniire  4  ce  que  les  deux  groupements  methyls  en  position  S'  et  3"  Impo- 
sent  une  torsion  4  la  molecule  autour  de  la  liaison  C-C  centrale.  Les  deux  sous-unit4s 
dmbpy  sont  alors  dans  des  plans  perpendiculaires  (conformation  dite  "twist4e"),  ce  qui 
favorise  la  formation  de  complexes  dinucl^aires..  Les  rdsultats  montrent,  en  particulier,  que 
le  d4clin  de  fluorescence  du  complexe  mononucldaire  est  bi-exponentiel  avec  une  compo- 
sante  rapide  et  une  composante  plus  lente.  Cette  derniire  a  une  dur4e  de  vie  voisine  de 
cellb  du  "monomdre”  alors  que  la  composante  rapide  a  une  dur4e  de  vie  simil.-iire  4  celle  du 
complexe  dinucl4aire.  Ce  comportement  sugg4re  I'existence  de  deux  families  de  conform^- 
res  dans  le  complexe  mononucl4aire  4  I'^tat  excit4. 
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PHOTOPHYSICAL  STUDY  OF  TV/ISTED  QUATERPYRIDINE 
COMPLEXES  OF  RUTHENIUM  (II) 


Edmond  AMOUY/vL.  Oriss  AZHARI 

Laboratoiro  de  Phyalco-Chiml®  doa  Rayonnemenls 
UJt  3SO  -  Un(ver&U6  Parls->Sud  -  91405  ORSAY.  Fronco 


Jean-Marie  LEHN,  Raymond  ZIESSEL 

Inslltut  Lc  Ool,  Mnlversll^  Louis  Pasleur. 
67000  STnASBOUnG.  Franco 


Gipyridina  complexes  of  transition  metals,  such  as  [Rufbpy)^]^'*'  (bpy  =  2,2‘-bipyridine), 
have  been  extensively  studied  particularly  because  of  their  ability  to  undergo  photoinduced 
electron  or  energy  transfer  processes.;  But,  to  our  knowledge,  no  photophysical  results 
have  been  reported  concerning  quaterpyridine  (qpy)  complexes  of  transition  metals. 

In  the  present  work,  the  spectroscopic  and  photophysical  properties  of  a  mononuclear 
and  a  dinuclear  Ru(ll)  complex  of  a  twisted  quaterpyridine,  [Ru(bpy)2(tmqpy)]^^  and 
[[Rulbpylglgftmqpyl]*'^  (tmqpy  *  5,  5',  3“,  S'”-tetramethyl-2,2‘  :  6’,  2"  ;  6",  2'““quater- 
pyrldine)  respectively,  are  described  and  compared  with  those  of  [Ru(bpy)2(dmbpy)]^* 
(dmbpy  »  5,S’“dimethyl-2,2'-blpyrldine)  which  can  be  considered  as  the  “monomer”  of  the 
dinuclear  complex.  Indeed,  the  substituted  qpy  ligand  has  been  devised  so  that  the  presence 
of  two  methyl  groups  at  6'  and  2"  position  maintains  the  two  dmbpy  subunits  of  this  ligand 
in  a  twisted  conformation  around  the  central  C>C  bond,  which  favors  the  formation  of 
dinuclear  complexes.  The  results  show,  in  particular,  that  the  fluorescence  decay  of  the 
mononuclear  complex  is  biexponential  with  a  short-lived  and  a  long-lived  component.  The 
long-lived  component  has  a  lifetime  close  to  that  of  the  “monomer"  whereas  the  short-lived 
component  is  similar  to  that  of  the  dinuclear  complex.  This  behaviour  suggests  the  exis¬ 
tence  of  two  families  of  conformers  in  the  mononuclear  complex  excited  state. 
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Electroluminescence  des  ions  de  terre  rare  trivalents  (TR^'*') 
a  I'interface  ZnO  semiconducleur  /  H2O  sous  forte  polarisation  anodique 

D.  Kouyate,  J.  C..  Ronlard-Haret  et  J.  Kossanyi 
C.N.R.S.,  2-0  rue  Henry  Dunant,  94320  THIAIS  (France) 


Sous  forte  polarisation  anodique  (env.  10  V/ECS),  des  electrodes 
d’oxyde  de  zinc  polycristallin,  dope  par  des  ions  de  terre  rare  trivalents 
(TR^'*'),  en  contact  avec  un  electrolyte  aqueux,  sont  le  si6ge  d'une 
emission  lumineuse  intense. 

Les  spectres  de  ces  Emissions  lumineuses  sont  caracteristiques  des 
ions  et  leur  intensite  suit  la  relation  d'Alfrey-Taylor. 

Un  modele  d'interface  ZnO/6lectroiyte  aqueux  sous  forte  polarisation 
anodique  est  propose: 

des  electrons  provenanl  de  la  reduction  d'un  couple  redox  k  I'interface 
ZnO/H20  sont  inject^s  par  effet  tunnel  dans  le  semiconducleur  k  travers 

la  bande  interdite.  Ces  Electrons,  acceleres  par  le  champ  electrique 
intense  regnant  dans  le  semiconducleur,  viennent  exciter  par  impact  les 
ions  TR^'*'  qui  y  sont  inseres,  en  provoquant  leur  luminescence. 


Spectre  de  I'ion  Sm^"*" 
enregistr6  sur  une  electrode 
ZnOiSm^'*'  (Sm/Zn  =0.9  %) 
sous  polarisation  anodique 
(9.80  V/ECS) 


Electroluminescence  of  rare  earth  trivalent  ions  {RE3+) 
at  the  semiconducting-ZnO/H20  interface  under  anodic  polarization 

D.  Kouyate,  J.  C.  Ronfard-Haret  and  J.  Kossanyi 
C.N.R.S.,  2-8  rue  Henry  Dunanf,  94320  THIAIS  (France) 


Under  anodic  polarization  (c.a.  +10  V/SCE),  polycrystalline  zinc  oxide 
electrodes,  doped  with  trivalent  rare  earth  ions  (RE^^),  in  contact  wjlh 
aqueous  electrolyte,  show  an  intense  light  emission.- 

The  spectra  of  this  light  emission  is  typical  of  the  RE3+  ions,  and  its 
intensity  follow  an  Alfrey-Taylor-type  relationship. 

The  following  pattern  for  the  ZnO/aqueous  electrolyte  interface  under 
anodic  polarization  is  proposed: 

electrons  originating  from  the  reduction  of  ZnO  surface  defects  at  the 
ZnO/H20  interface  are  injected  through  the  gap,  into  the  semiconductor  by 
a  tunnelling  process.  These  electrons,  accelerated  by  the  high  electric  field 
in  the  electrode,  can  impact-excite  the  RE^^  to  their  upper  states  which 
undergo  intrinsic  radiative  deactivation  process. 


Emission  spectrum  of  Sm^^  ion 
recorded  with  an  ZnO;Sm3  ‘' 
(Sm/Zn  =0.9  %)  electrode 
under  anodic  polarization  at 
•,0.C8  V/SCE. 
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COMPUTER  SIMULATIONS  OF  PIIOTOCATALYSIS  ON  I’OROUS 

SUBSTRATES 

Miclia  Tomkiewicz  and  H.  Wang 

Department  of  Physics,  Brooklyn  College  of  CUNY  Brooklyn,  N.Y.  1 1210. 

Leonardo  da  Vinci  claims  in  his  "Notebooks"  note  No.  394  that  "All  the  branches 
of  a  tree  at  every  stage  of  its  height,  when  put  together,  are  equal  in  thickness  to  the 
trunk  (below  them)".  This  statement  is  now  being  widely  used  as  an  early  example  of 
order  in  ramified  structures  that  can  be  characterized  in  terms  of  critical  exponents  such 
as  fractal  dimension  [1].  This  is  understood  in  terms  of  the  simultaneous  need  to  pass 
nutrients  from  the  roots  to  the  leafs  and  expose  the  leaf  area  to  sunlight.  The  issue  can 
be  summarized  in  terms  of  power  output  optimization  that  requires  a  compromise 
between  at  least  two  vastly  different  length  scales  in  the  morphology  of  the  tree  (cata¬ 
lyst).  If  one  regards  the  photosynthctic  apparatus  as  the  most  important  natural 
manifestation  of  a  photoelcctrochcmical  system,  da  Vinci’s  statement  and  its  functional 
interpretation  provides  the  earliest  manifestation  of  the  correlation  between  morphology 
and  activity  in  pholoclectrochcmical  systems. 

The  issue  of  chemical  reactions  in  restricted  geometries  is  not  new  and  there  is 
now  a  considerable  experimental  (2]  and  theoretical  [3]  activity  in  this  area.  Tlie 
possible  correlations  between  morphologies  of  catalytic  structures  and  fractals  was 
reviewed  by  Van  Damme  [4). 

We  will  demonstrate  some  of  these  issues  on  a  computer  simulation  of 
photodegradation  of  organic  materials  in  aqueous  ''nvironment  on  porous 
semiconductors.  Wc  will  explore  the  scaling  properties  of  such  simulation  and  compare 
kinetic  models  that  apply  for  different  operating  conditions. 

RF.FnRF.NCRS 


1.,  B.  Mandelbrot  in  “The  Fractal  Geometry  of  Nature";  W.ll.,  Freeman,  NY 
(1982), 

2.  See  for  example;  N.J.  Turro;  Tetrahedron,  42,  1589  (1987). 

3.  Sec  for  example: 

a.  D,  Avnir,  0.  Citri,  D.  Farin,  M,  Ottolcnghi  and  A,  Scri-l,cvy  in 
"Optimal  Slrnclnrcs  in  Heterogeneous  Reaction  Systems",  1*.  J.  Plath  cd., 
Springer-Verlay  (1990). 

b.  K,  Lindcnbcrg,  B.J.  West  and  R.  Koixilman;  Rhys.  Rev.  Ixtt.,  (jQ,  1777 
(1988)., 

4.  H.  Van  Damme  in  "I’liotocatalysis  -  Fundamentals  and  Applications,  Wilcy- 
Intcrscicnce,  New  York  (1989),  p.  175. 
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PIlOTOCATMiYSIS  DY  POLYOXOHETALLATES 
A.  Iliskia  and  E.  Papaconatantinou,  institute  of  Physical 
Chemistry,  NRSC  Oemokritos,  1S3-10  Athens,  Greece.; 


Polyoxomctallates,  among  other  things,  are  lodox  catalysts,  in  a 
variety  of  important  industrial  processest^)  They  function  asi  a. 
Electron  and/or  hydrogen  carriers,  and  b.  oxygen  carriers.  The  first 
case  addresses,  mainly,  homogeneous  solution  reactions,  whereas,  the 
second  case  takes  place,  mostly,  in  heterogeneous  media.. 

The  oxygen  to  metal  charge  transfer  (CT)  band,  responsible  for  the 
photochemistry  of  these  compounds,  causes  a  charge  separation  (e~  +  h'*'), 
that  results  in  oxidation  by  h'*'  of  a  great  variety  of  organic  compounds, 
and  reduction  of  polyoxometallate  according  to  the  condensed  schemes 
m""  !f==^  *M'’"(e“  +  h'*') 

2*M'’"(e"  +  h'*')  +  KejCIIOIl  - +  Ma2CO  +  2H''' 

Electrons  accumulated  on  polyoxometallates  it.ay  be  delivered  to 
(evolution  of  H2l<  transferred  to  dioxygen,  thus  restoring  the 

polyoxometallate  to  its  original  forra(^(., 

ZM*'''*’!)-  +2H'''  - >2h'’-  +  H2  or 

2H(n+l)-  +  i/20j  +  2H'*’  - •2M''-  +  lIjO 

Key  to  the  effective  photocatalytlc  oxidation  of  various  organic 
compounds  is  the  regeneration  (reoxldation)  of  reduced  polyoxometallate 
by  dioxygen.  The  mechanism  of  reoxidation  by  dioxygen  is  discussed  for 
a  series  of  polyoxometallates.  The  results  suggest  the  formation  of  a 
polyoxometallate-dioxygen  adduct  prior  to  CT  from  polyoxometallate  to 
dioxygen. 

(1)  M.  T.,  Pope,  "lleteropoly  and  Isopoly  Oxometallates" ,  Springer- 
Verlag,  Berlin,  1983. 

(2)  E.  Papaconatantinou,  chem.;  Soc.  Rev.,  1989,  ii,  1-31. 
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DYNAMIC  ENERGY  AND  ELECTRON  TRANSFER  ON  SURFACES 

by  D.J.  McGarvey,  S.  McHugh  and  F.  Wilkinson 

Department  of  Cliemistry,  University  of  Technology, 
Loughborough,  Leicestershire,  LEll  3TU,  England. 


Dynamic  energy  and  electron  transfer  on  solid  surfaces 
provides  an  insight  to  the  behaviour  of  adsorbed  molecules, 
particularly  regarding  diffusional  mobility. 

We  have  been  investigating  several  energy  and  electron 
transfer  systems  adsorbed  onto  silica  in  order  to  acquire 
information  on  adsorbate  interactions  with  the  surface. 

Dynamic  energy  transfer  on  silica  is  observed.  Cor  example, 
from  ^eosin  to  anthracene.  In  this  case  it  has  been 
established  that  anthracene  is  .the  mobile  partner  in  the 
quenching  process. 

Electron  transfer  studies  have  been  less  conclusive,  however. 
Excited  state  quenching  by  electron  donors  or  acceptors  is 
observed  although  radical  products  have  yet  to  be  detected 
possibly  due  to  rapid  back  electron  transfer.  For  example,  we 
have  yet  to  observe  the  products  of  the  electron  transfer 
between  ^anthracene  and  methyl  violoqen  on  silica,  although 
the  triplet  state  of  anthracene  is  quenched  efficiently.  ’  Data 
for  other  energy/electron  transfer  systems  will  also  be 
presented. 


TliMI'liUArUUlC  AND  .SObVKN  T  KKI-IXTS  ON  l'OIXS  I\KlCNli  CYCLIZAI  ION 

A.T.Hcls  c  Sousa'’,  CM.M.I’crcira'',  J.M.d.Miitlinlio*,  J.C.Amlrd'’,  I'.Daros'*  iinil  M.A.Winiiik'^ 

a)  CcnlrodcUufinica-l'fsica  Molecular  da  U.'r.L.,Coin|>lcxo  I  -  (NIC,  ln.MiluU)Sii|)crior'1'£cnico,  1(1%  Lislioa 
Codex,  I’otiugal. 

b)  (illAPP;  UA32«  du  CNRS,  liNSIC/lNPL,  1  Rue  (Jraudvilic,  F-54()01  N.mcy,  Fraucc. 

c)  UcparlmciU  of  Cliemislry,  (Jniversily  of  Toronto,  Toronlu  MSS  lAI,  Canada. 


The  cyeli/Jilion  of  a  polyMyrcne  cli.iin  (  M„~4S(X);  M^M„»  1.07  )  l>o(h  ends  l.ilielled  wilh  a  pyrenyl 
group  ( slruclure  * )  q  0 

,(ay3Cocit2CtycMci^\-tci^cio„ciijCi(jOcicitj)j^ 

6  6 


was  studied  in  loluenc,  cyclopei\lane  and  cyclohexane  at  different  lentpcralures.  Upon  electronic  exeilalion, 
an  intramolecular  cxcliner  can  be  funned  at  the  encounter  of  both  drain  end.s,  htllowing  the  kiitelic  seheitte 


PY^V/n-PY* 


PY\/\/PY 

Thccyeli/ationr<atccoefncicnt  (k',),  the  rale  coefficient  ofcxcimer  dissociation  and  ringopening  priKCss 
(i. .  i)  and  the  reciprocal  of  the  cxcinier  lifelintc  {k ,)  wcrculrtaiired  from  the  ntonoitter  and  excinter  ftiiorcscence 
decay  curvcs(*),  once  known  the  niononicr  lifctinic  (i,, »  I  /Am)  front  the  decay  of  a  dilute  sohrtion  of  a 
polystyrene  chain  one  end  labelled. 

From  (he  Arrhenius  plots  ofk ,  and  A. ,  the  activation  energies  ff ,  and  ff . ,  were  calculated.  /;  |  is  clu.se 
to  £■ ,  (viscous  flow  activation  energy)  showing  that  the  cycli/ation  procc.ss  is  diffu.siun  inltuenced. 

The  Arrhenius  plot  of  k . ,  fur  cyclohexane  is  nut  linear.  However ,  (wo  straight  lines  that  intercept  each 
other  at3y“C,  close  to  the  Otcni|icra(urc  of  polystyrene  in  cyclohexane  (34.5*’C),  can  Ire  plotted  through  the 
experimental  points.  A  binding  energy  of  the  cxcinier  (A  1:,  “  9.1)  ±  1 .0  Kcal.inol.’ '  )  was  obtained 

irrc.S)icciivc  of  .solvent  if  leinjreraltircs  almvc  the  0  (ein|>cra(nte  are  considered  in  (he  Arrenhiiis  |tlols  of  k 
1'hc  binding  energy  agrees  with  the  published  values  for  the  iutcrinoleeul.ir  pyrene  excinier(^),  showing  (hat 
(Ire  di.vsociation  procc.ss  is  not  strongly  influenced  by  the  ixilymer  chain. 


(1)  a  ■  M.  A.  Winnik,  /fee.  CVie/ii.  /<cs.  18, 73  (1985);  b  -  J.  M.  (i.  M.ir|lnho,  M.  1 1.  Martinho,  M.  A.  Winnik 
and  (!,  Ueinert,  Makromot.  Clicin.  i'n/r/if.  15, 1 13  (1989). 

(2)  J.  U.  Birk.s,  "l’lwu>i>hysics  of  AwmtHic  Molecules",  Wiley,  New  York,  1970. 
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Lc  coinpoitcnient  pl)otoel)in)i(|ne  dc  quciqncs  di-ct  tri-cdtoncs  a  dtd  analysd  par 
tliffdicntcs  technit|iies :  spectioscopic  d'ab.sorption  cl d'dinission,  irradiation  continue  ct 
pltotolysc  laser. 

L'irrudiation  d'unc  .solution  ddadrdc  d'acdnaphtdncquinonc  (1)  dans  I'acdtonitrile 
(Ejs  52kcal/niol)  conduit  it  I'ob.scrvation  d'un  tran.sitoire  prdsentant  tin  spectre 

d'absoiption  avee  dcs  inaxiina  it  330, 570  ct  630  nni.  Cc  transitoirc,  attribud  uii  triplet  de 
I,  prd.scntc  imc  durdc  dc  vie  dc  4,8  R.s  ct  cst  inliibd  par  le  cyclohcxadifcnc-1,3  = 
2x10*^  ct  le  (i-carotdnc  (k,=  1x10'“m*‘s*'). 

Cn  pidscncc  dc  donnenrs  d'liydrogdnc,  tine  diminution  dc  la  dinde  tie  vie  du  triplet 
dc  1  cst  ob.seivcc,  du  fait  dc  la  idaction  rapide  d'ab.stiaction  d’hydrogcnc  par  lc  carbonylc 
excite.  Dcs  valcuis  de  variant  cntrc6.2xl0''  (propanol-2)  ct  7.5x10*^ 

(p-meilioxyplienol)  out  did  obtcnuc.s.  L'acdantlirdncquinonc  (2)  (li.j.=  42  kcal/mol) 

prdsenle  tin  coinporicmcnt  similaiic  ii  celui  dc  1  ;  one  valcur  dc  2.3xlO*’M'*s’*  a  did 
oblcnuc  pour  ‘Ii"'''  lc  cas  du  cyclohcxadidnc-1,4.  Lcs  dicctoncs  1  ct  2  sont 

pliolocbimi(|ucnieni  stables  sous  iiiadiation  ptolongec. 

Far  contie,  I'indaneti ionc- 1 ,2,3  (.3)  (!j.|.=  42  kcal/mol ;  T.p=  6.5  ps  cl  360  cl 

570  nm  dans  I'aceloniirile  anliydie)  donne  lieu  sous  irradiation  it  line  coupure  cn  tx  suivic 
par  line  decaibonylatiun  lente.  L'dlat  tiiplct  dc  3  presente  egalcmcnt  tine  iemai(|uablc 
idactivite  vis  ii  vis  dcs  ilonncuis  d'liytliogcnc ;  parcxcmpic  l^ii..,i,sinciiim“ 
avee  lc  cyclohcxadidnc-1,4. 


PHOTOCIIKMISTUY  OF  VICINAL  DI-  AND  TRIKKTONFS, 


Josd  Ciuios  Ncuo-l'ci'i'ciia 

Dcpailiinicnlo  dc  Qiiiiiiicu,  Univmidndc  Federal  Rural  do  Rio  de  Janeiro,  llaguai,  RJ, 
Brazil,  23851. 
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The  photochcntisti7  of  sontc  vicinal  di-  and  trikctoncs  was  investigated  combining 
the  tcchni(|ucs  of  steady  state  and  laser  flash  photolysis  with  emission  and  absorption 
spectroscopy. 

Iiradiation  of  a  degassed  acetonitrile  solution  of  accnaphthencciuinonc  (I)  (Ej.s  32 
kcal/mol)  leads  to  the  formation  of  a  readily  detectable  traitsient  with  absorption  at  330, 
570  and  630  nin.  This  transient  decays  by  a  clean  first  order  kinetics  with  a  lifetime  of 
4.8  ps  and  is  quenched  by  1,3-cyclohexadicne  (k  =  2x10^  M’*s‘*)  and  p-carotcnc  (k  = 

"I  H 

1x10'“M‘*s'*). 

In  the  picscncc  of  typical  hydrogen  donors,  a  dramatic  shortening  of  the  triplet 
lifetime  for  I  is  observed,  consequence  of  tltc  lelalivcly  fast  hydrogen  absu  action  process 
from  the  triplet  of  1.  Values  fw  *'H-abstraciion  6.2x10^  M‘*s'*  (2'propanol) 

to  7.5xl0'^  M'*s'*  (p-mcthoxyphcnol)  were  obtained.  Similar  behavior  was  observed  for 
aceanthicnequinone  (2)  (ILp=  42  kcal/mol).  For  this  diketone,  in  benzene,  we  obutined  a 

*^H-  ibsiraciioii  ~  2.3x10*^  M‘*s'‘  using  1,4-cyclohexadicnc  as  a  hydrogen  donor.  Both  of 

these  diketones  arc  photochcmically  stable  even  under  inadiatioit  for  a  long  term  period. 

On  the  other  hand,  1,2,3-indanctrionc  (3)  (E.j.=  42  kcal/mol ;  x.j.  =  6.5  ps  and 
X.J.  360  and  570  nm  in  dry  acetonitrile)  reacts  picfcrcntially  via  an  a-clcavagc  process 
followed  by  a  considerably  slow  loss  of  carbon  monoxide.  Similarly  to  1  and  2,  uipict  3 
shows  rcmaiquablc  fast  hydrogen  absuaction  constant  in  presence  of  1,4-cyclohcxadienc 


SOLVAIOCIIROMISM  AND  S0LVA10K 1NE1 1C'  IIEIIAVIOU  Of  CIS-TRANS 
ISOMERIZATION  FOR  MEROCYANINES  IN  MICELLAR  AGGREGATES 

a  b  c 

Mahmoud  H.Abdel-Kader ,  Shakir  T.  Abdel-llarin  and  Ulrich  E.  Steiner 

alCollege  of  Applied  Sciences  ,  Arabian  Gulf  University  ,  Bahrain. 
blFaculty  of_ Science,  Tanta  University  ,Tanta,  Egypt, 

OFakultat  fiir  Cheniie,  Universitiit  Konstanz,  Konstanz  ,  Germany. 

Morocyaninos  of  the  sli Ibazol ium  betaine  type  are  charac¬ 
terized  by  their  extreme  negative  solvatochromic  effect,  which  permits 

their  use  as  sensitive  probes  of  solvent  polarity.  We  recently 
(1) 

reported  that  the  first  transition  energy  AC  in  different  solvents  of 
varying  polarity  and  the  free  activation  enthalpy  AG*  of  thermal  cis- 
trans  isomerization  for  sti Ibazol ium  type  merocyanines  are  linearly 
correlated  with  each  other  and  with  Oiniroth's  solvent  polarity  para¬ 
meter  E.p  .  ■ 

The  present  study  investigates  the  relationship  between  the 
solvatochromic  and  sol vatokinetic  behavior  of  cis-trans  isomerization 
of  a  simple  merocyanine  dye  and  its  amphiphilic  analogue  in  aqueous 
and  in  reversed  micelles  of  two  differently  charged  detergents  (CUBA 
and  AOT)  .  The  results  show  that  there  is  a  linear  correlation  bet¬ 
ween  solvatochromic  and  solvatokinetic  behavior  in  micellar  systems. 
However  the  free  activation  enthalpy Ag* in  microemulsion  systems  is  31 
-  5  k.cal.  lower  than  the  corresponding  value  obtained  in  homogeneous 
solutions  having  the  same  value  of  spectroscopic  polarity  .  The 
results  obtained  offer  further  insight  into  the  nature  of  the  aqueous 
microphase  located  in  the  interior  of  the  inverted  micellar  systems. 

A  particularly  interesting  aspect  of  this  study  is  the  utili¬ 
zation  of  two  different,  medium  -  dependent,  functions  in  one  mole¬ 
cule,  which  serves  as  a  structural  probe  for  organized  assemblies. 

1)  S.T.  Abdel-Hel im,  M.H.  Abdel-Kader  and  U.E.  Steiner 
J.Phys.Chem.  1988,  92,9324. 
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ELECTRONIC  ABSORPTION,  FLUORESCENCE  AND  PHOSPHORESCENCE  SPECTRA  OF 
SELECTED  METHOXYNITRONAPHTHALENES-SOLVENT  EFFECTS. 
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Paris  7,  associa  au  CNRS,  1,  rue  Guy  de  la  Brosse, 

75005  PARIS  (France). 

C.  PARKANYI,  A.  SAPPOK-STANG  and  C.  BONIFACE 
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The  photohydrolysis  of  methoxynitronaphthalenes  has  been  proposed  as  a 
nodel  for  the  mechanism  of  aromatic  photosubstitutions  (1).  Because  of  our 
interest  in  the  photophysical  properties  of  these  compounds,  we  investioated 
the  room-temperature  electronic  absorption  and  fluorescence,  and  low-tenpe- 
rature  phosphorescence  spectra  of  several  selected  methoxy  ni tronaphthalenos. 
The  electronic  absorption  and  fluorescence  spectra  were  determined  in  va¬ 
rious  solvents  of  different  polarities  (cyclohexane,  dioxane,  chloroform, 
ethylacetate,  acetonitrile,  OHSO,  OMF,  methanol,  butanol,  2-propanol).  The 
variation  of  the  Stokes  shift  with  the  solvent  dielectric  constant-refrac¬ 
tive  index  term  was  studied.  The  solvatochroroic  method  (Bakhshiev  and 
Charama-Vial let  equation)  was  used  in  an  attempt  of  determining  the  diffe¬ 
rences  in  the  ground  and  first  excited  singlet  state  dipole  moments  of 
these  compounds. 


(1)  C.  PARKANYI,  Pure  and  Appl.Chem.,  55  (1983)  331. 
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The  photoisomcrization  of  carvone  and  the  photolysis  of  carvone  hydra- 
zone  derivatives  have  been  studied  recently,  but  several  drawbacks  prevent 
their  application  to  the  photochemical  storage  of  light  energy  (1,2).  In 
this  work,  we  have  investigated  the  direct  and  sensitized  photoisomeriza¬ 
tion  reactions  of  acetoxyisopiperitinone  (AIP)  at  room  temperature  (293K) . 


0 


I  J 


OAc 


AIP 


Solvents  of  different  polarities  (cyclohexane,  dioxane,  alcohols,  aceto¬ 
nitrile)  were  used.  The  direct  photoisomerization  overall  first-order  rate 

constants  (k.)  and  quantum  yields  (l^  )  were  found  to  depend  markedly  of 

P  -1 

the  polarity  of  the  solvent,  k^  values  ranged  between  0.13  and  0.30  min 

and  ifi  values  between  0.U6  and  0.11.  The  structure  and  yield  of  the  photo- 
products  were  elucidated  by  as  chroratography-mass  spectrometry.  The  kine¬ 
tic  of  sensitized  photoisomerization  of  AIP  was  studied,  us’ng  acetophe¬ 
none  and  benzophenone  as  photosensitizers.  The  existence  of  a  triplet- 
triplet  energy  transfer  mechanism  was  demonstrated.  The  usefulness  of 
photoisomerization  of  AIP  as  a  system  for  the  photochemical  storage  of 
light  energy  was  evaluated. 


11)  S.A.  NDlAYt  and  J.J.  AARON,  J  .Photochem.  Photobiol.  Chemistry 
259-268  (1989). 

(2)  S.A.  NDIAYE  and  J.J.  AARON,  Xlllth  lUPAC  Symposium  on  Photochemistry, 
Coventry  ,  England,  July  1990. 
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Abstract. 

"Electrostatic"  dimers  can  be  easily  obtained  by  pairing  cationic  (or 
anionic)  porphyrins  with  anionic  (or  cationic)  phthalocyanines.  Tlte  face-to- 
face  geometry  resulting  from  the  coulombic  attraction  of  the  charged 
substituents  and  the  donor-acceptor  character  of  the  complexe,  induce  a  drastic 
change  of  the  optical  absorption  spectrum  of  these  complexes  in  comparison 
will!  tliat  of  a  1/1  mixture  of  the  corresponding  neutral  monomers. 


The  optical  and  photophysical  properties  of  two  systems  (see  figure)  are 
investigated  as  functions  of 

-  the  nature  of  the  donor-acceptor  complexes 

-  tlic  nature  of  the  medium  (  from  liquid  phase  to  organized  media). 


PI  lOTOINDUCED  ELECTRON  WIRE  PROPERTIES  OF  FACE  TO  FACE  TRI 
AND  TETRAPORPHYRINS  EMBEDDED  IN  ULTRATHIN  MEMBRANES 

Patrick  Seta’,  Elisabeth  Bicnvenuc’,  Jean-Marc  Janot ,  Abdelaziz  Lamrabte  , 
Philippe  Maillard”,  Geneviive  Miqucl  and  Michel  Momenteau 
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Institut  Curie,  Section  Biologiquc,  B!lt.  112,  Centre  Universitaire,  91405  -  Orsay 
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Tlie  recent  developments  of  supramolecuiar  chemistry  have  emphasized  the 
interest  of  molecular  assemblies  for  their  future  possible  applications  in  molecular 
electronics  and  more  generally  for  signal  processing. 

For  tills  purpose,  supramoiecutar  devices  have  to  be  designed  by  assembling 
molecular  components  having  various  functions  such  as  diodes,  transistors . and  lin¬ 

ked  by  elements  such  as  electron  wires  Towards  this  direction  we  report  a  study 
of  the  electronic  conduction  of  molecules  showing  this  ability.  Face  to  face  free  base 
and  metallated  porphyrins  were  synthesized  and  incorporated  into  artiricial  mem¬ 
branes  (planar  lipid  bilayers)  separating  two  aqueous  phases  containing  an  electron 
acceptor  and  an  electron  donor  respectively.  Upon  light  absorption  a  transmembrane 
electrical  flux  was  recorded  between  two  electrodes  dipped  in  both  aqueous  redox 
phases. 

In  order  to  propose  a  mechanistic  schema,  electrical  data  (photocurrents  and  pho- 
topofentials)  as  well  as  spectroscopic  data  (absorption  and  fluorescence  spectra)  were 
recorded  and  analysed.  Jlie  problem  of  the  orientation  and  location  of  the  face  to 
face  porphyrins  inside  the  membrane  is  discussed  on  the  basis  of  data  obtained  on 
mixed  chromophore-lipid  surface  monolayers,  and  of  chromophore  concentration 
effects  on  both  the  amplitude  of  the  photocurrents  and  the  liglit  energy  saturation 
levels. 

The  mechanism  we  suggest,  involves  an  intramolecular  electron  transfer,  foil- 
lowing  the  photoinduced  oxidization  of  the  tetrapyrrole  ring  of  the  porphyrin  facing 
the  oxidizing  aqueous  phase.  Ion  coupling  due  to  the  electrical  polarization  of  the 
membranes  :ls  the  result  of  the  light  conversion  process  is  shown  to  enhance  the  elec¬ 
tric  fluxes. 

Arrhenius T.S.,  Illanchard-Dcssc  M.,  Dvolaitzky  M.,  Lehn  J.M.,  Mallhete  J., 

Proc,  Nall.  Acad.  Sci.  USA.  (1986),  82.  5355. 
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CONSTITUC  DETIU  ETTETIIAPOUPIIYUINCS  PACE-I'ACE  INCOKl’OUEES  A 
DES  MEMBRANES  ARTIFiCIELLES  ULTRAMINCES 

Patrick  Seta’,  Elisabeth  Uienvenue*,  Jean-Mare  Janot’,  Abtlclaziz  Lamrabtc  , 
Philippe  Maillard’*,  Gcncviivc  Miquel’  et  Michel  Moiueiucau 
’  LPCSP  UIU  330,  C.N.R.S.,  BP  5051, 34033  -  Montpellier  Cedex  (Prance) 

Institut  Curie,  Section  Uiologiquc,  BUI  112,  Centre  Universitairc,  91405  -  Orsay 

(France) 

Les  rdeents  d^vcloppentents  dc  la  chiinic  suprainoidculuirc  monlrcnt  un  inldrct 
croissant  pour  les  assemblages  nioldeulaires  cn  direction  d’applications  futures  dans  Ic 
domaine  du  traitement  de  rinformatiun. 

Cette  ligne  de  recherche  a  conduit  ii  concevoir  diverscs  inoldculcs  qui  reprdsen- 
tcnl  dcs  dlemcnts  actifs  ou  passifs  dc  circuits  dc  I'dlectronique  ;  diodes,  transistors.. .et 
dcs  connectcurs  de  composants  tcls  dcs  fils  moldculaircs  conductcurs  En  cc  (pii 
concerne  I’dlaboration  de  ccs  dldmcnts  dc  connection,  nous  presentons  unc  etude 
photodicctrochimique  dc  moldcules  qui  prdsentent  cette  propridtd.  Des  porphyrincs 
face-face  (formes  bases  libres  ou  indtalldcs)  ont  dtd  syntlidtisdcs  et  incorpordes  tl  dcs 
membranes  lipidiques  bitnoldculaires,  interposdes  entre  deux  milieux  aqueux,  I’un 
dtant  acccptcur  et  I'autrc  donneur  d’dlectron.  Sous  excitation  lutnincusc,  un  flux  dlcc- 
trique  trunsmcmbratiuirc  a  pu  dire  ddteetd  entre  deux  dlcctrodcs  plongdcs  duns  les 
milieux  aqueux  adjacents  tl  la  membrane. 

Afin  dc  proposer  un  mdeunisme  du  transfert  d'dlcctron  intrainoldculairc,  dcs 
photopotcnlicls  et  photocourants  ont  etd  mesurds.  Les  spectres  d'ubsorplion,  d'excita- 
tion  et  d’dmission  dc  fluorescence  ont  etd  enrdgistrds  cn  coinpldmcnt  dcs  mcsurcs 
dicctriqucs.  Lc  probldmc  dc  la  position  et  de  rorientation  dcs  chromophores  dans  la 
membrane  sera  disrutd  aux  vucs  de  rd.suitat5  acquis  avee  dcs  monocouches  mixtes 
lipidc-chromophorc,  et  sur  les  membranes  ultraniinccs  (effet  dc  concentration  dc  por- 
jthyrincs  sur  I’utnplitudc  dcs  photocourants,  et  sur  les  valcurs  dcs  intensilds  lumincuses 
dc  saturation). 

Lc  mdeunisme  propose  cst  busd  sur  un  ddplaccmcnt  intramoldculuire  d’dlcctroit 
entre  noyuux  tdtrapyrrolcs,  ddplaccmcnt  qui  rdsulte  dc  In  photooxydation  dcs  porphy- 
rines  H  I’interfacc  aqucusc  oxydanic.  Lc  phdnomdnc  dc  couplagc  ions-dicetrons  a  dtd 
mis  cn  dvidcncc  :  ii  conlribue  tl  unc  exaltation  du  flux  dlcciriquc  membranairc. 

Arrlicnius  T.S.,  DIaiichard-Desse  M.,  Dvolai'tzky  M.,  Lchn  J.M.,  Maltlidlc  J., 

Proc,  Nall.  Acad.  Sci.  USA,  (1986),  22. 5355. 
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PHOTOPHYSICS  AMD  PHOTOPOLYMERJZATION  OF  TI-IIN  SOLID 
FILMS  OF  1.4-DlSTYRYLDENZENE  AND  2.5-DlSTYRYLPYRAZINE 


R.  Lege,  H.  Egelhaaf,  D..  Oelkrug 
University  of  Tubingen.  Auf  der  Morgenslelle  8. 
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The  photopolynierizalion,  molecular  arrangement,  stability,  electronic 
structure  and  {photo)conductivily  of  thin  solid  films  are  investigated  by 
UV/VIS  absorption,  fluorescence  .  photoaction  spectroscopy,  and  laser 
light  scattering.  The  organic  materials  1,4-dislyrylbenzene  (DSD)  and 
2.5-dislyry!pyrazine  (DSP)  are  sublimed  in  high  vacuum  or  deposited 
from  solution  on  the  surface  of  a  silicon  wafer  or  of  fused  silica. 

At  submonolayer  coverages.  DSP  is  adsorbed  as  single  molecules,  with 
weak  interactions  to  the  surface  similar  to  DSP  in  an  unpolar  solution. 
DSD  molecules  are  only  detected  as  aggregates  down  to  the  lowest 
concentration  observable.  Samples  with  films  a  few  monolayers  thick 
show  red  shifted  absorption  and  fluorescence  spectra.  In  these  films 
intermolecular  interactions  yield  in  state-splitting  and  exciton  absorp¬ 
tion  and  fluorescence  bands  of  low  energy. 

Light  scattering  of  the  organic  film  increases  with  time  as  well  as  the 
exciton  absorption  and  the  fluorescence  intensity  especially  of  DSD 
films  by  about  a  decade.  Microcrystals  are  formed  on  the  surface  by 
rearrangement  of  the  organic  molecules,  but  the  absorption  threshold 
is  still  shifted  hypsochromic  compared  to  polycrystalline  samples  of 
the  pure  material.  Scanning  Electron  Microscopy  shows  flat  rhombic 
microcrystals  with  ca.  0.5  (an  length.. 

The  photopolymerization  in  the  solid  state  produces  oligomers  by  ir¬ 
radiation  with  the  energy  of  the  exciton  absorption.  The  electronic 
spectra  of  the  oligomer  are  blue  shifted  compared  to  the  spectra  of  the 
educt.  Irradiation  with  light  of  higher  energy,  which  both  the  monomer 
and  oligomer  absorb,  yields  the  polymer.  The  polymerization  rale  is 
determined  and  the  reaction  rale  for  irradiation  with  light  of  shorter 
wavelenghl  is  found  to  be  faster  than  for  irradiation  with  longer  ones. 
The  stability  of  the  DSP-film  is  improved  and  the  photoconductivity  is 
strongly  reduced  by  polymerization. 
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Une  iiuuvcilc  lectiiii(|uc  dc  passivation  ties  ccnties  dc  icconibiiiaison  A  la 
surTacc  du  silieiuin  utilisi  dans  dcs  jonctions  de  type  solide/lit|uidc  on  Sclioltky,  cst 
presentee  dans  cettc  coniinunicatiun.  II  s'agil  d'un  dccapagc  par  voic 
pliotoAIcctrocliimique  (pliotocIccIrodAcapagc  ou  PCD)  qui  correspond  A  une 
liliotocorrosion  contrAIAc  du  Si  cn  milieu  5%  lil*  sous  polarisation  anodique.  II  cst 
toujours  crrcctuA  apres  uii  traitcnicnt  classique  de  dccapagc  cliiniiquc  du  Si  qui 
inclut  I'utilisalion  dc  III-  concentre. 

Lc  traitcnicnt  PCD  modiric  la  lupugiapliic  dc  la  surTacc  ilu  Si  i|ui  dcvicnl 
rugucusc,  inatlc  cl  plus  sombre.  Lcs  analyses  dc  microscopic  A  balayage  niontrcnt  la 
presence  dc  nombreux  cratercs  rnicroscopiques.  Lc  PHD  modific  aussi 
considcrablcmcnt  lcs  proprictAs  plioloclcclrocliiniiqucs  cn  milieu  $7%  III.  Lc 
poicniici  dc  circuit  ouvert  cst  dccalA  dc  -0,25  V  cl  un  pliolocourani  important  (>35 
niA/cm*  sous  cclaircmcnl  cxirnpole  dc  100  mW/cni*)  cst  courninment  observe.  Un 
rcndcmcnl  (|uanli<|uc  cxierne  dc  80%  cst  obicnu  dans  une  large  gamine  spectra.'.  Lc 
liliolocouranl  correspond  principalcmcnt  A  Poxydation  dc  T'  ainsi  que  lc  monirt  la 
roimalion  d'iodc  A  proxiinilc  dc  rciccirodc.  Alors  (|uc  lc  Si  dcca|)c  cliimiqucnicnt  csi 
pliolocorrodc  immAdiaIcnicnl  cn  prAscncc  dc  III,  In  stabililA  ilu  Si  nitres  traitcnicnt 
PUD  cst  cunsiderablcmenl  ntigrncnicc. 

La  vilcssc  dc  depOl  cliirniquc  d'uiic  couclic  d'or  sur  Si  A  parlir  d'unc  solution 
aurique  cst  aiigincnlcc  apris  PUD.  La  rAponsc  spcciralc  dcs  diodes 
Si(pliulo£lcclrudccnpc}/Au  cst  considcrablcmcnt  amcliorcc. 

La  surl'nce  rugucusc  produilc  par  PUD  conduit  A  une  diminiiliun  dcs  penes 
dues  A  la  rcricclion  dc  la  luniicrc.  ruutcrois  Terrel  piincipal  dc  cc  Irailenicnt  scrail 
dc  reduire  la  dciisilc  dcs  ctals  dc  surracc  coniine  sciiibic  lc  iiionlrcr  Tnugmeninliun 
du  pliolopolcnticl  cl  lcs  experiences  dc  pliotolumincsccncc  A  2,8K. 

Lc  plioloclcclrodccapagc  npparail  Ctre  un  Irailenicnt  Ires  proincticur  pour  le  Si 
inulticrislallin. 
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A  new  technique  for  the  passivation  of  surface  recombination  centers  in  Si 
based  PEC's  and  Schoitky  junctions  is  presented  in  this  communication.. 
PholoeIcctrochcmical  etching  (PECE)  is  a  controlled  photocorrosion  of  Si  in  diluted 
IIF  solutions. 

n-type  Si  was  first  chemically  etched  by  alternate  oxidation  of  Si  and 
dissolution  of  Si-oxide  films  formed.  PECE  was  carried  out  in  5%  IIF  under  reverse 
bias.  After  PECE  the  Si  surface  became  less  shiny  and  daikcr,  the  surface  roughness 
increasing  with  the  charge  passed.  SEM  analysis  shows  the  presence  of  etch  pits. 

The  (pholojf  'rrent-poiential  curves  of  n-Si  (N^  ■  lO'Vcm’)  in  57%  III  exhibit 
a  small  anodic  d .  <  current  for  the  chemically  etched  Si  which  disappears  after 
photoetching  and  a  phoiocurrent  onset  at  -0.2  V  vs.  SCE.  The  PECF,  treatment 
dramatically  affects  the  i-E,  curve:  the  onset  potential  is  shifted  by  -0.25  V  and  a 
high  phoiocurrent  (>  35  niA/cm’  when  extrapolated  to  100  mW/cm’)  is  observed. 
The  charge  passed  across  the  interface  corresponds  mainly  to  the  oxidation  of  F,  as 
indicated  by  the  darkening  of  the  solution  in  the  vicinity  of  the  electrode.  The  initial 
plateau  current  decreased  by  only  5%  after  <15  min.  This  is  in  contrast  with  previous 
observations  of  strong  photocorrosion  of  illuminated  n-Si/aqueous  electrolyte 
junctions,  even  in  concentrated  III.  Chemically  etched  n-.Si  exhibits  external 
riuantum  efficiencies  of  60%  in  57%  III,,  while  for  PF.CE-Si  quantum  efficiencies 
reach  80%  over  a  broad  spectial  range. 

Electroless  dciiosilion  of  Au  on  n-.Si  (N|,  =  lO'Vi-'m*)  after  chemical  etching 
leads  to  an  enhanced  rate  of  electroless  Au  plating  ami  impioved  spectral  response  of 
the  so  formed  Schoitky  junctions. 

The  rough  surface  produced  by  the  PECE  process  minimizes  reflection  losses. 
However,  the  main  effect  of  this  treatment  is  to  reduce  the  ilcnsity  of  surface  slates 
as  indicated  by  the  shift  of  -0.25  V  of  the  onset  potential  of  the  phoiocurrent,  and 
also  try  pliololiiminescence  measurements  PI'CE,  seems  to  be  promising  also  for  the 
Ire.ilmenI  of  polycryslalline  SI. 
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Sur  la  formation  d'un  exciplexe  comme  inlerinSdiairo  possible 
dans  un  Lransferl  61ecironiciue  phoLo-indui t . 

J.  POULIQUIIN.  L.  ATMANI.  J.  KOSSANYI.  V.  WINTGENS 

CNRS,  Laboratoire  des  Mat6riaux  Mol6culaires 
2  rue  Henry  Ounanl,  9A320  Thiais,  France 
II.  nOERNFR 

Max  Planck  InstiLul  fur  Slratiloncbeiiiie 
5A  SUftslr.  0-A33U  Mullieim  ad  Ruhr,  RFA 

Nous  avons  monLr6  quo  la  f luot'escence  dor.  N.N'diacyl 
indiao  est  inhib6e  par  les  donneurs  et  accepleurs  d'61ectrons, 
dans  les  solvents  polaires,  selon  un  miicanisine  de  type 
transfert  d'61ectron.  Dans  les  solvanls  opolnires  (PliMo,  Phil) 
la  fluorescence  est  aussi  inhib6e  mais  le  ni6canisme  d6pond  du 
potential  d'oxydation  du  donneur  Ed®**.  Si  Ed°>*  >  0,8V  la 
constante  d' inhibition  varie  de  la  faQon  suivante; 

kc,p  d6pend  de  la  longueur  d'onde  et  diminue  pour  les 
'jrandes  longueurs  d'onde;  cel  effot  esL  d'outant  plus  inarnub 
que  En'^’'  est  61ev6 

croit  loi'squc  la  tempbroture  dberoit. 

Ces  effets  ne  sont  pas  observbs  dans  les  solvanls  polaires 
(MeCN)  ou  dans  les  solvanls  apolaires  si  Eo'-”*  <0.5V. 

Ces  rbsullals  peuvenl  s'oxpliquer  por  la  forinalion 

riiversible  el  exergunique  d'un  exciplexe  selon  le  scb6ina;' 

.  D 

'(■]•  I  0  MM....U)*  — C 

ke,  f’'-  t): 

1. ' (■'(iii ss inn  <le  1 'exciplexe  n'esl  observable  (iit'oclemenl  cni'' 
elle  est  faible  el  recouverle  par  1 'emission  du  monom^re. 
L'6lu(1e  de  kr,'"  en  fonclion  de  la  lempOr-alurc,  enlre  2‘.>0  el 
55nK  el  en  supposanl  que  dans  ce,  doinaine  k-oK  ko.  nei'mel 
d'eslimer  AO.ix*^  el  de,  le  comparer  a  AGoi°  comme  I'iiKlique  le: 
lableau  ci-dessous  pour  le  N.N’dibeiuoy I  indigo. 

n _ Eo-’^iV)  &G...»ieV)  AGn^'MeV) 

“Philll  '(i.'B 

I  , '/il  iiiirl  linx.vben/riK;  1  .A'l  U).(>  -f),2 

Plus  esl  eievb  plus  1 'exciplexe  esl  favorisA, 

cnmporal  i  vcmenl  an  lransferl  il 'P  Ic'cl  run .  Dans  les  solvanls 
apolaii'es  I 'liypolliiise  du  lransferl  d'Oleclron  repost; 
essentiel lemenl  sur  la  inise  en  Evidence  d'espbees 

paramagnbl iques  analogues  aux  radicaux  anions  des  dbrivbs 
d' indigo  Mv.,  Nous  siiggbrons  que  la  Iciriiinlion  do  I 'exciplexe 
pormel le  le  transfert  d'blecLron  lorsque  I'bcbange  direcl 
s '  avbre  Uiei  niodynami  quomenl  dbfavor  i  s6  .■ 
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On  the  Exciplexe  Route  in  the  Electron  Transfer 
between  N.N'  diacyl  indigo  derivatives  and  Electron  Donors 

J.  ROULIQUEN.  L.  ATMANI,  J.  KOSSANYI,  V.  WINTGENS 

CNRS,  Laboratoire  des  tiat6riaiix  Mol6culaires 
2  rue  Henry  Ounant,  94320  Thiais,  France 
H.  GOERNER 

Max  Planck  Institut  fur  Strahlenchemie 
34  Stiftstr.  D-4330  Mulheiin  ad  Rutir.  RFA 

We  have  shown  that  the  fluorescence  of  the  N.N' 
diacyl  indigos  is  quenched  by  electron  donor  or  acceptor  in 
polar  solvent  via  an  electron  transfer  process.  In  opolar 
solvent  (PtiH,  PhMe)  the  fluorescence  is  also  quenched  but  the 
niechanisin  depends  on  the  oxydation  potential  of  the  donor 
Eo°>‘.  If  Eo®"  >  0.8V  the  fluorescence  quenching  rate  constant 
Erl'"  changes  as  follows: 

depends  on  the  wavelength  and  decreases  at  long 
wavelength;  this  effect  becomes  more  important  as  Ed®**  grows. 

lowering  the  temperature  increases  kc^. 

These  effects  are  not  obsrved  in  polar  solvent  (MeCN)  or  in 
apolar  solvent  with  donor  having  Ed®**  <  0.5V 

Ihese  results  can  be  understood  on  the  basis  of  an 
exciplexe,  the  formation  of  which  is  reversible  and  exergonic, 

M  +  D 

'(i*  +  D  :?=  ’  (M.,  ,D)*  --- 

k,,  Mt  +  Dt 

The  exciplexe  emission  occurs  on  the  red  side  of  of  the 
monomer's  one,  is  very  weak  and  consequently  is  not  directly 
detectable.  From  the  study  of  Logkq  versus  the  lemperatui'e  and 
assuming  that  in  the  temperature  range  250-550K  k-0x>>k(« 

CGOex  can  be  estimated  and  compared  to  The  higher  Ed®** 

the  more  favored  is  the  exciplexe  formation  compared  to  ttie 
electron  transfer  as  shown  below  for  NN'dibenzoyl indigo. 


D 

Eo'^**  <V) 

AGoi 

o(eV) 

AGoxO(eV) 

f’hsN 

0.8 

-2. 

1 

“^t:b — 

1 , 2dimethoxybenzene 

1-.45 

+0. 

G 

-0.2 

In  non  polar  solvent  the  electron  transfer 
hypothesis  is  substantiated  by  the  detection  of  a  paramagnetic 
species  which  is  believed  to  to  bo  the  r.idical  anion  of  the 
indigo  derivative  M".  Thus  we  suggest  that  the  exciplex 
formation  can  provide  an  alternative  mechanism  for  the 
electron  transfer  when  the  direct  route  is  thermodynamically 
disfavored. 
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PHOTOCHEMICAL  POHMATION  OP  [ He( bpy )  (CO ) .,  ( P(OEL ) „  1  + 

AND  PHOTOSENSITIZED  COs,  HBDUCTION 
Cliy 011(13  ill  Pac|-  and  Osainu  lsliitani§ 

t  K’uuaniura  InsL  ituLe  of  chemical  Uenearch,  Sakado,  Sakura, 
Chibu  28S  (Japan)  and  S  National  Institute  of  Folution  and 
Jiosourcas,  Onokaua,  Tsukuba,  Ibaruki  30b  (Japan) 

Tlie  pliotoredox  chemistry  of  [/(ic-l!e(L)  (C0)3X)  •  "  {L  =  diiinine 

Hijaiid;  X  =  neutral  or  anionic  monodentale  ligand)  in  the  presence  of  an 
aliphatic  tertiary  amine  is  of  interest  associated  with  a  variety  of 
photosensitized  reactions,  which  are  thought  to  proceed  through  the  loss  of 
X  or  CO  following  electron  transfer  from  an  amine  to  the  luminescent  stale 
of  the  tle(l)  complexes.'  However,  little  has  been  reported  on  the 
electron  transfer  photosubstitution  of  a  CO  ligand. 

In  the  present  investigation,  we  have  found  that  visible-light 
irradiation  of  [/ac-Re(bpy)(C0)3Brl  and  P(0Et)3  in  the  presence  of  tri- 
etliylainine  results  in  tlie  double  substituion  of  both  Dr'  and  CO  ligands  to 
give  lRe(bpy)(CO)2(P(OEt)3)2rOr-  (1)  in  •  90%  yield  along  with  O.D  -  O.B 
equivalent  CO  in  a  variety  of  solvents.  On  the  other  hand,  no  other 
substituted  Re(l)  product  such  as  roono-substi tuted  compounds  was  not 
detected  at  all..  The  quantum  yields  for  the  formation  of  1  at  405  nra  are 
0.71  for  a  degassed  acetonitrile  solution  and  0.3  10  ''  for  a  degassed 
telrahydrof uran  solution. 

The  product  1  reveals  a  relatively  strong  emission  at  003  nm  with  a 
fairly  long  lifetime  (223  ns)  in  acetonitrile.  The  luminescence  of  1  is 
not  quenched  by  tnethylamine  but  significantly  by  l-benzyl-1 ,4-dihydro- 
mcotinaniide  (DNAH),  a  typical  NAUH  model,  at  0.0  10"  M  's  '  Tlie  reduc¬ 
tion  of  C02  to  CO  is  phulocalalyzed  by  lRe(bpy)(CO)71l’{OEt)3)21 'X  (X  =  l)l-4,; 
PF6,  ClOf,  and  DPhi)  in  the  presence  of  both  UHAII  and  tnethylamine,,  but  not 
at  all  by  1.  Pliotocatalytic  activities  of  the  bi  s-phosphi  to  complexes 
will  be  discussed. 

1)  C.  Pac,  S.  Kaseda,  K.  Ishii,  S.  Yanayida,  and  0.  Ishitani  in  Plioto- 
cfiemicut  l'roco99o;f  in  OrgantzeiJ  Molpoulu/'  Spslms,,  K.  Ilniida,  Ed., 
Elsevier,  Amsleidiim,  1091,  igi.  177-100. 
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ABSTRACT 

We  perform  a  comparative  study  of  the  pcntanal  reactivity  upon  the  irradiation  with  a 
continuous  wave  laser  and  a  pulsed  one  at  wavelengths  around  350  nm. 

The  results  obtained  arc  qualitatively  and  quantitatively  different.  With  the  CW  laser 
one  observes  the  8  products  classically  obtained  with  a  lamp  at  313  nm.  With  the  pulsed  laser 
two  only  of  tJiesc  species  arc  present  (a  dionc  and  a  kctol);  the  quantum  yield  for  these  two 
products  is  much  higher  and  is  an  increasing  function  of  the  intensity  (in  the  field 
explored  0.1  MW.  cm‘^  •  4.2  MW.cnv^).  It  should  be  underline  that  concomitantly  the 
absorbance  is  much  higher  titan  that  expected  for  a  Sq  ->  Si  transitlion  and,  moreover,  is  an 
increasing  function  of  intensity..  These  results  are  compatible  with  a  two-photon  excitation 


process. 
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Laser  Absorption  Spectroscopy  of  Exciincr  Laser  Ablation  Process 

R.Miizner,  A.Roscnfeld,  R.Konig 

Central  Institute  of  Optics  and  Spectroscopy 
Rudower  Chaussce  5,  0-1199  Berlin,  1*RG 


Important  informations  of  the  mechanism  of  ablation  pro.csses  and  of  following  reactions  in 
the  gaseous  phase  have  been  obtained  by  the  analysis  ci  die  plasma  plume.  Hie  methods  arc 
emission  spectroscopy  and  mass  spectroscopy.  But  these  established  methods  obtain  certain 
limitations  concerning  the  quantitative  time  resolved  detection  of  the  ablated  species  like 
atoms,  molecules,  ioiis  or  molecular  fragments  or  rebating  to  the  e.spcrimental  expense. 

In  this  work  it  is  reported  on  the  absorption  spectroscopic  analysis  of  plasma  plumes  produced 
by  KrF-lascr  ablation  of  ceramic  material.  Tlic  measurements  have  been  made  with  a 
spectroscopic  arrangement  by  use  of  a  broadband  ns-dyc  laser. 

Some  time  resolved  absorption  spectra  arc  shown  in  Fig.l.  The  extreme  line  broadenings  of 
the  different  ion-  and  atomic  states  at  short  time  delays  arc  hints  of  the  high  temperatures  and 
high  pressures  during  the  ablation  process.  Tlie  density  of  the  atoms  and  ions  inside  the 
spectroscopic  channel  have  been  determined  and  discussed  in  dependence  of  the  time  delay 
and  of  die  distance  to  the  surface  of  the  target. 

With  this  investigations  we  demonstrated  the  practical  use  of  the  time  resolved  absorption 
spectroscopy  to  get  more  informations  of  the  ablation  process.  Of  speciall  importance  is  the 
possibility  of  the  direct  time  resolved  particle  dctcmiination  vciy  near  at  the  interaction  area 
without  influence  of  the  environment. 

By  this  the  time  resolved  absorption  method  is  very  well  qualified  to  investigate  the  actual 
ablation,  of  the  origin  of  the  plasma  plume  duri.ig  the  laser  pulse  and  shortly  after  that. 


Fig.l:  Time  resolved 
absorption 
spectra  of 
KrF  laser 
ablation  of 
MgO-ccramic 
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Optical  Emission  Spectroscopy  of  Excinier 
Laser  Ablation  Process  at  Ceramic  Material 

P.  Taubert,  R.  K5nig 

Central  Institute  of  Optics  and  Spectroscopy 
Rudower  Chaussec  5,  0-1199  Berlin,  FRG 


Processing  of  ceramic  material  by  excimer  laser  ablation  is  a  state-of-the-art  methodc  in 
science  and  technology.  Despite  of  that,  the  basic  ablation  process  and  its  dependence  on 
radiation  and  surroundings  parameters  are  understood  insufficiently. 

We  carried  out  ablation  experiments  with  intense  radiation  of  XeCl  and  KrF  excimer  lasers. 
Time  resolved  fluorescence  measurements  with  spectral  resolution  S  1  A  in  different  regions 
of  the  ablated  plasma  cloud  allowed  us  to  get  informations  about  produced  intermediates, 
population  of  excited  states  in  the  plume  and  about  the  interaction  of  radiation  with  the 
sample  material. 

The  basic  emission  phenomena  after  irradiating  a  piece  of  MgO-ceramic  with  a  20  ns  XeCl 
laser  pulse  of  10  J/cm*  are  demonstrated  in  the  figure: 


Starting  some  nanoseconds  after  the  laser  pulse,  a  very  structureless  specuatm  .ith  nearly  a 
thermal  energy  distribution  is  emitted  from  a  region  some  micrometers  above  the  interaction 
area  on  the  surface.  We  attribute  these  emissions  to  a  rather  highly  excited  plasitia  state.  Some 
10  ns  later,  we  observed  a  strong  decrease  of  this  thennnl  radiation  in  favour  of  rising  discrete 
emissions  that  can  be  explained  by  plasma  rccombinatin  processes.  In  air,  their  peaking  can 
be  found  after  some  100  ns. 

Further  experiments  will  allow  us  to  di.scuss  as  well  the  influence  of  irradiating  wavelength 
and  power  as  different  environment  conditions  on  Uic  optical  phenomena  of  the  plume. 


EVANESCENT  WAVE-INDUCED  FLUORESCENCE  OF  POLYMERS 


David  Phillips.  Garry  Rumbles,  Alan  J.  Brown,  Ben  Crystall  and  Trevor  Smith. 
Department  of  Chemistry,  Imperial  College,  London  SW7  2AZ,  UK. 


Evanescent  wave  induced  fluorescence  spectroscopy  and  time-correlated  single-photon 
counting  have  been  combined  to  provide  a  method  of  studying  the  fluorescence  decay  profiles 
of  fluorophores  at  a  solid/solution  interface.  Using  these  techniques  the  photophysical 
properties  of  tetrasulphonated  aluminium  phthalocyanine  (AIS4PC)  in  methanol  and  water 
solution  have  been  studied  at  fused  silica  interface.  In  a  poor  solvent,  such  as  methanol, 
AIS4PC  is  shown  to  fonn  an  adsorbed  monolayer  on  the  fused  silica  surface  and  exhibit  a 
fluorescence  decay  profile  that  deviates  from  the  simple,  first-order,  single-exponential  kinetics 
of  the  bulk  solution.  By  changing  the  solvent  to  water,  which  is  a  good  solvent  for  AIS4PC, 
the  surface/bulk  differences  are  not  observed. 

The  ability  of  time-resolved  fluorescence  spectroscopy  to  distinguish  between  concentration 
and  quantum-yield  effects  on  evanescent  wave  induced  fluorescence  intensity,  is  clearly 
demonstrated. 

The  technique  has  been  used  to  investigate  interactions  between  synthetic  polymers  in 
solution  and  surfaces. 

When  a  disordered  'Y*  form  of  a  soluble  poly(diacetylcne)  poly-4BCMU  encounters  a 
fused  silica  surface,  a  time-dependent  chromism  occurs,  where  an  ordered  R  form  of  the 
polymer  rapidly  forms  and  then  decays  away..  After  »4  hours  equilibrium  is  reached  and  the 
fluorescence  from  the  surface  is  seen  to  be  enhanced  by  a  factor  4C  over  the  identical 
spectroscopic  species  in  free  solution.  This  enhancement  can  be  attributed  to  a  restricted 
molecuhtr  motion  reducing  the  non-radiativc  dcacuvation  pathway,  and  hence  increasing  both 
the  fluorescence  quantum  yield  and  lifetime. 

These  results  indicate  that  the  preparation  of  thin  Films,  for  optical  waveguiding,  may  have 
anomalous  guiding  properties  as  a  result  of  the  ordering  effect  at  the  surface.  This  effect  has 
been  observed  previously  in  tliin  films  of  poly-9BCMU  prepared  by  the  dip-coating  technique. 
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Change  in  Surface  Chemical  Structure  of  Polyethersulphone 
by  Excimer  Laser  Irradiation 

Shun'ichi  Suglmoto,  Shunichi  Xawanishi,  Vuichi  Shimizu, 

*  • 

Nobutake  Suzuki,  Kazuaki  Ohnishi  and  Sigeyoshi  Arai 

Osaka  Laboratory  for  Radiation  Chemistry 
Japan  Atomic  Energy  Research  Institute 
25-1  Hii-minami  machi,  Neyagawa,  Osaka  572,  Japan 
*  Kyoto  Institute  of  Technology,  Department  of  Chemistry  and 
Materials  Technology,  Hatsugasaki  Sakyoku,  Kyoto  606,  Japan 

The  change  in  surface  chemical  structure  of  polyethersulphone  ^PES, 
SOj-^^  0>jP  induced  by  excimer  laser  irradiation  in  vacuum  and  in  air 
have  been  studied  by  X-ray  photoelectron  spectroscopy( XPS )  and  Fourier 
transform  infrared  spectroscopy ( FTIR) . 

After  the  PES  film(100  pm)  cashed  with  supersonic  waves  in  ethanol  was 

-7 

irradiated  with  ArF  laser(193  nm,  260  mJ/pulse)  at  10  Pa,  the  change  in 
surface  chemical  structure  of  the  PES  film  was  measured  by  XPS(Shimadzu 
ESCA  8S0S).  Both  oxygen  Is  XPS  peak(533  eV)  and  sulphur  2p  XPS  peak(170 
eV)  assigned  to  sulfonyl  group  were  decreased  remarkably  after  irradiation.. 
On  the  other  hand,  a  new  sulphur  2p  XPS  peak(164  eV)  assigned  to  sulfide 
was  appeared  and  was  increased  with  irradiation  time.  Oxygen  Is  XPS  Peak 
(535  eV)  assigned  to  ether  bond  was  little  affected  by  ArF-laser  irradi¬ 
ation.  In  addition,  it  was  found  from  mass  analysis  of  gas  evolved  from 
PES  by  ArF-laser  irradiation  that  oxygen  was  generated  mainly  with  small 
amounts  of  sulphur  oxide  and  sulphur  dioxide  gases.  These  results  indicate 
that  sulfonyl  structure  of  PES  was  decomposed  selectively  with  ArF-laser 
irradiation  and  oxygen  was  released  from  sulfonyl  group^\  Similar  change 
in  XPS  spectra  was  observed  by  KrF-laser  irradiationC 248  nm,  450  mJ/pulse) 
of  PES.  The  irradiation  effect  induced  by  ArF  laser  was  larger  th».n  that 
by  KrF  laser..  These  results  were  compaired  with  that  irradiated  in  air. 
When  PES  film  irradiated  with  ArF  laser  in  vacuum  was  exposed  to  ammonia 
gas,  it  was  found  that  nitrogen  atom  was  introduced  onto  surface  of  PES. 

I)  H.  Niino,  M.  Nakano,  S.  Nagano,  A.  Tabe  and  T.  Miki,  Appl.  Phys.  Lett., 
510(  1989). 


111-58 


SSl'ISITIZATIOH  OP  PHOTOPOLYMERIZATION  PROCESS  BY  EXCITATION 

ENERGY  TRANSFER 

3.  Polacka,  Z.  Polacki" 

Depai'tmen-!;  of  Physics,  University  of  Gdansk,  Poland 
^DeparLv.ent  of  Physics,  Technical  University  of  Gdansk 

During  transformation  of  monomers  into  pol^-mers  (  in  mass 
polymerization)  the  efficiency  of  photoluminesconce,  radio¬ 
luminescence  and  excitation  energy  transfer  change.  This  was 

n-3) 

explained  differently  by  various  authors  . 

In  this  paper,  we  investigated  the  influence  of  several 
monomers  (styrene,  oC -methyl  styrene,  methyl  methacrylate  and 
bythyl  methacrylate  )  on  the  quantxn  yield  of  luminescence  of 
some  aromatic  hydrocarbons  (benzene,  toluene,  p-xylene,  ani- 
sole  )  .  The  obtained  results  indicate  that  the  pol:/r.erizable 
compounds  act  as  quenchers.  It  means  that  the  excitation  en¬ 
ergy  of  solvents  is  transferred  to  monomers  and  thus  intensi¬ 
fies  the  efficiency  of  photopolymerization  process  in  solu¬ 
tions.  noreover,  our  investigations  sho’w  that  the  sensitizing 
of  photopoly:::’.eriaation  by  excitation  energy  transfer  from 
solvents  is  more  distinct  for  weakly  absorbing  monomers. 

(1)  R.O.  loufty,  J.  Poly-n.  Sci.,  Polym,  Phys.  Ed.,  20  (1932) 
325. 

(2)  M.  Grodel,  Z.  Polacki,  Z.  Haturforsch. ,  27a  (1972)  713. 

(3)  Z.  Polacki,  J.  Hadioanal.  Wucl.  Chem. ,  Letters,  95  (1905) 
185. 
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CONDUCTIVE  ORGANIC  THIN  FILMS  AND  MEMBRANES 
THEIR  SCIENTIFIC  FOUNDATIONS  AND  INDUSTRIAL  APPLICATIONS  (part  34  ) 

Sardar  Khan  Bahador 

B  &  A  research  achene  for  advanced  energy  materlalo  and  syateins 
Bahador  research  room  at  Kumano-ryo,  Block  B  room  t  311 
Department  of  Industrial  chemistry.  Faculty  of  engineering,  Kyoto  university 
F.O.  Box  SI,  Sakyo  Kyoto  606  JAPAN 

The  significance  of  organic  conjugated  and  nonconjugated  electroactlve  po¬ 
lymers  In  science  and  Industry,  such  as  solar  radiant  energy  conversion  and 
storage  systems,  various  type  of  batteries  primarily  lithium  cells,  sensors, 
microelectronics,  corrosion  controllng  processes  and  the  like  ace  well  estab¬ 
lished  concepts.  All  the  vast  application  choices  require  a  deeep  understand¬ 
ing  of  their  physicochemical  properties,  primarily  Investigations  stemlng  from 
the  well  known  theoretical  methods  such  as  extended  lluckel,  valence  effective 
Hamiltonian,  ab  Initio  calculations  etc  with  respect  to  design,  preparation  & 
procesaeslng  of  the  products  which  has  become  an  essential  Issue.  Eventhough 
broad  Interest  la  focused  on  the  concept  of  electrical  conductivity  and  the 
associated  problems  In  conducting  polymers,  however,  the  fundamental  mechanism 
by  which  electricity  transports  In  such  systems  Is  still  far  from  clear.  This 
uncertainty  even  spans  the  application  of  models  which  are  applicable  to  Inor¬ 
ganic  semiconductors  or  their  corresponding  conductors.  By  taking  Into  account 
the  concept  of  solltons  and  polarons  as  the  major  carriers,  the  one  dimensiona¬ 
lity  behavior  of  conductive  conjugated  polymers,  as  compared  with  three  dimen¬ 
sionally  bonded  usual  semiconductors,  alters  strongly  the  behaviors  of  charges 
added  to  the  macromolecule  backbone,  l.e.  local  reorganisation  in  the  electron 
bonding  nearby  the  added  charges  on  the  polymer  chain.  Conjugated  and  non-con- 
jugated  conductive  polymers  can  usually  be  excited  by  chemical-  &  photochemi¬ 
cal  doping  as  well  as  by  charge  injection  Into  the  space  charge  or  surface  reg¬ 
ions.  The  spectral  sensitization  of  the  macromolecules  can  be  realized  employ¬ 
ing  specific  dyes.  Based  on  these  aspects,  several  photo-  &  electrically  con¬ 
ducting  polymers  have  been  prepared  by  chemical,  electrocliemlcal  and  plasma  as¬ 
sisted  teclutlques,  characterized  well,  and  their  applications  primarily  In  so¬ 
lar  cells  and  lithium  batteries  tested.  The  laboratory  scale  miniature  PEC  6 
PVC  were  fabricated  and  the  operational  parameters  under  optimum  conditions  arc 
monitored.  The  results  ate  promlsslng  and  computer  simulations  are  carried  out. 
In  certain  cases,  polymeric  thin  films  were  utilized  in  the  form  of  chemically 
modified  electrodes.  As  the  substrates,  XTO,  TlOg,  SiOg,  SnOg,  Pb02,  Mn02,.>-< 
and  as  Che  sensitizers,  MB,  Tli,  RhB  6  ...  were  tested. All  these  steps  were  ta¬ 
ken  Inorder  to  catalyze  the  fuel  production  and  to  .evaluate  the  whole  cell  pa¬ 
rameters.  Recent  advancei  in  outdoor  application  of  polymers  In  solar  energy  con¬ 
version  systems,  conserclsllzatlon  of  such  devices,  requirements  for  finding 
proper  redox  couples....  are  the  main  motivations  for  Investigating  various  fea¬ 
tures  of  the  polymer  bulk,  the  mechanism  of  electrical  conductivity  (on  the  bas¬ 
es  of  Marcus-Dogodnaze-Mulllken-Gerlscher  theories)  and  charge  transfer  procescs 
as  well  as  the  electrode  &  electrolyte  properties.  In  this  paper,  my  new  find¬ 
ings  with  respect  to  the  afore-menclon  d  concepts-crlterla-  &  problems  will  be 
reported. 

POSTWORDS;  The  author  as  a  victim  Is  fully  responsible  for  the  entire  flnanclo- 
sclenclflc  aspects  of  tb*  work  In  this  secies  since  1979. 

REFERENCES!  lUPAC,**  Chem.lnC *,  10(3,5),  85,  170  (1988)  j  for  a  short  biography. 
S.K.  Bahador, *Haktomolekularc  Cliemle  /  Haccomolec.  Sympi  37^,  129  (1990). 

S.K,  Bahador, 'Technical  Digest*?, 475,  Ed.  H.  Hatsunaml,  Showado  Publ.  Comp.  Kyo¬ 
to,  1990,  Japan. 

S.K.  Bahador, "Reactive  Polymers*  In  press. 
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niOTOSENSITIVE  CKEMICALLY  MOOIEIED  ELECTUODES  ON  THE  BASIS 
01'  1-LUOIlOCAUnON  I’OLYMEIllC  MEMUUANE  MF-ASK 

Uiilinu  A . Sliae Isul  lanovQ ,  Aloxandor  M.Titiionov, 
Aloxantlor  M.Tilse 

Stnto  PoduGOcical  Uiilvorsity  of  llusslo  oflor  A.I.IIortzen 

13110G,  tUissiu,  Lonitii;rud,  n.r.Moyki  AO, bide.  13. 

I’holoeolvanic  colls  oro  tho  'dovicos  for  conversion  of 
oolur  enorgy  io  oloctric  or  chomical.  Prosentod  report  is 
donling  with  usoeo  chooiically  modified  olectrodes  (CME)in 
photoealvonic  dovicos.  This  loads  to  docrouse  of  reaeont's 
outlay  ond  to  lowerine  of  moss  ond  sizes  of  cells, 
Pho togulvanic  systoms  on  tho  basis  of  known  sonsitizors  an 
thionino  and  [nu(bliiy)  )**  and  quunchors-  Fo{lI)  and 
[PlClgl  ions  rolotivoly,  improenatod  to  solid  polymoric 
olootrolyto  MF-ASK*  aro  discussed. 

-  Electrochomicnl  bohovior  of  thionino  in  MF-4SK 
morabrano  wos  studied,  ond  it  was  shown  that  redox  pair 
thionino/leucothionino  works  reversibly  in  it.  Charge 
diffusion  coefficient  for  thionino  in  mombrone  was 
detorminod  and  its  value  points  ot  diffusion  mechanism  of 
charce  transport  in  membrane. 

-  Eloclropolyoiorization  of  thionino  in  MF-ASK  matrix 
was  sludiod,  and  main  kinetic  laws  of  this  process  and 
elec t rochemi cnl  chiiroc toristics  of  polythlonino  in  mombra- 
noworodoterminod. 

-  Photosonsi live  CUE  on  tho  basis  of  polythlonino  and 
Fc  ( 1 1 )  ions  (IS  quorichor  in  MF-ASK  is  discussed.'  Tho  influ¬ 
ence  of  pho lonxc i til t ion  on  tho  potontinl  of  such  olcctrodc 
was  studied. 

-  Photosensitive  CME  on  tho  bnsis  of  [Uu(bipy)^]  , 
itopreenated  in  solid  polymeric  electrolyte  MF-ASK  is  re¬ 
ported. 

-  Quasi-solid  phoso  pho togal van i c  cells  for  liglit 
cnorgy  conversion  on  the  basis  of  discussud  CMEs  mudifiod 
oloctrodos  woro  siiggcstod  and  studied. 

*MF-ASK  -  niinlogucs  to  Nofion  (triido  mark  of  Du  Pont) 
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SPECTllOSCOPY  AND  PIIOTOCIIEMISTIIY  OF  NITROGEN  DIOXIDE 
AN  AB-INITIO  MRD-CI  STUDY 


Carolina  Godoy  and  Gabriel  J.  V^iquet 
Inatiluto  dc  FIsica,  UNAM 
Laboratorio  Cuernavaca 
AP.139  D,  02101  Morelos 
MEXICO 


Ab-initio  MRD-CI  electronic  structure  calculations  have  been  carried  out  on  NO]. 
An  extended  basis  set  of  DZ  -h  POL  quality  augmented  with  s-  and  p-type  Rydberg 
functions  has  been  employed,  together  with  art  extensive  treatment  of  electron  correlation. 
Cuts  of  the  potential  energy  surfaces  along  the  O-N-0  bending  and  ON-0  stretching  co¬ 
ordinates  are  reported  for  the  lowest  ten  doublet  (5* A', 5*  A")  and  six  quartet  (3^  A', 3^  A") 
states.  Dipole  moment  functions  and  transition  moment  properties  were  computed.  The 
present  ab-initio  study  provides  a  considerable  amount  of  new  information  on  the  excited 
states  which  is  employed  to  discuss  key  aspects  of  the  spectroscopy  and  photochemistry  of 
NO].  The  following  topics,  among  others,  are  addressed:  the  visible  and  UV  absorption 
spectrum  and  photodissociation,  the  "anomalous”  radiative  lifetime  and  the  air-o/terghw 
chemiluminescence.  The  computed  vertical  ionization  potentials  are  compared  with  the 
available  experimental  data. 
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PIIOTOPUYSICS  AHO  PIlOTOCIICMISTnY  OP  IIYDAOXY-  AND 
NETIIOXYDENZENCa  COMPLEXCD  TO  CYCLODBXTIXINS 

Gottfciod  Gcabnoc,  GottfcloU  KOliloc 
XnatiCut  /Ur  Vhaocatiacita  Chamio  und.  Straliloiicltamio  dae 
UnivaraiCilt,  Vienna,  Auatcia 

Jatituto  di  Fotochimica  e  lladiazioni  d'Alta  Enormia-  cun,  Itologna,  Italy 

Photophyslcai  and  photochamical  pcopertlea  of  plionoXa  are  atrongly 
dependant  on  advent  environment  '  ,  Ho  have  now  atudlod  by  fiuoroaconce 
and  tranaiont  abaorption  apoctroacopy,  the  Influenco  of  the  incXuaion  of 
hydroxy-  and  mathoxybanaenea  into  tho  hydrophobic  cavity  of  cyclodextrina 
(CDx'e)  in  aqueoua  aolution.  In  agreement  with  earlier  work^  tho  ciuantuin 
yield  of  fiuoroaconce  (0^)  waa  found  to  increaao  upon  incluaion.  Tho 
inoraaao  ia  atrongeat  for  thoae  compounda  which  have  the  ahorteat 
fiuoroaconce  lifetime  (  f  p)  in  equooua  aolution.  In  tho  caao  of  2,4,S- 
trimethyl  plienol  (TMP) ,  Tf.  “  0.7  na  In  aqueoua  aolution.  Upon  addition  of 
h-COx,  a  component  with  T|.  ••  3,£  na  appeara  which  ia  aaaigned  to  the  THP- 
CDx  complex;  thia  ia  to  bo  compared  to  Vp  *•  S.S  na  in  ethanol.  Addition  of 
0.01  H  Q-CDx  cauaea  increaao  of  0p  by  a  factor  of  2.5  and  increaao  of  the 
intorayatem  croaaing  yield  *  factor  of  1.8.  Analyaia  of 

photophyaical  data  ahowa  that  all  ainglct  deactivation  rote  conatanta 
decreaao  upon  complexation  of  TMP  with  H-CDx,  but  alowing  down  of  internal 
converaion  ia  moat  pronounced.  Tho  efficiency  of  ono-photon  oloctron 
ojoction  from  TMP  ia  reduced  by  comploxatlon,  owing  to  tlie  moro  hydrophobic 
environment;  in  contraati  two-photon  electron  ejection  ia  enhanced, 
probably  becauao  of  tho  longer  lifotiino. 

The  decay  of  io  found  to  bo  accelerated  in  the  proaonce  COx' a 

whicli  form  complcxc.'i  wltli  hydroxy-  and  incthoxybciizniioo . 

(1)  J.Zochnor,  G.KUhler,  U.Cirabncr  and  II.Gctoff,  C.in. J'.CIicni.  1900,  19,  200C. 

(2)  G.Grabncr,  G.KUhler,  G. Marconi,  S. Monti  and  n.Vunuti,  U. i'/iya. Chcni.  1990, 
94,  3C09. 

(3)  M.lloahino,  M.lmamura,  K.Ikchara  and  Y. Hama,  J. rh/a. Chem.  1901,  85,  1020. 
Acknoiv] (‘tinnmani: .  Tho  Progetto  .inaiizzato  Chitnica  Fine  o  Socondaria  is 
gratefully  aci/iowJodgod  for  financial  stippocL. 
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PHOTOSTABILIZATIOH  MECHAKISHS  OP  HALS:  INTERACIIOH 
WITH  SIHGLET  AMD  TRIPLET  ANTHRACENE 

P.  Bortolua.  N.  Cunaloni,  L,  Plamlgni,  F.  Minto,  S.  Monti  And  A.  P«ucltano* 
Istituto  fRAE-CNR,  Via  de'  Caatagnoli  i,  40126  Bologna  (Italy) 

^  Univeraiti  di  Pavia,  Viale  Taramelli  10,  27100  Pavia  (Italy) 

Photooxidation  of  polyolefins  lax9ely  occurs  by  the  classical  scheme 
developed  for  rubber  and  oils  thermal  oxidation^: 

R'  +  Oj  — ROO*  t  ROO*  +  RH  — ►  ROOH  +  R‘  ;  2R‘  — ^  Products 
A  key  question  in  polyolefin  photooxidation  is  the  origin  of  the  primary 
radical  (R'J  shown  in  the  scheme.  It  is  now  generally  accepted  that 
different  chromophoric  impurities  are  active  in  generating  R’.  Among  the 

impurities  polynuclear  aromatic  hydrocarbons  (PNA) ,  in  particular 

2  3 

anthracene,  are  believed  to  be  photoinitiators  of  non  minor  Importance  '  . 
The  accumulation  of  these  compounds  in  polyolefins  is  now  well  established: 
they  are  absorbed  by  the  polyolefins  from  the  polluted  urban  athmospheres . 

To  contrast  the  action  of  the  different  photoinitiators  various 
classes  of  light  stabilizers  have  been  developed,  the  most  efficient  being 
that  of  of  Hindered  Amine  Light  Stabilizers  (HALS)  HALS  ate  derivatives  of 
2,2, 6, 6-tetramethylplperidine  which  undergo  oxidation  to  hydroxylamlne 
derivatives  and  to  N-oxyl  free  radicals  during  the  processing  and  the 
photooxidation  of  polyolefins..  HALS  are  active  on  various  initiators  of 
photooxidation:  their  Interaction  with  hydroperoxides,  aliphatic  carbonyls 
and  singlet  oxygen  have  been  already  studied. 

To  investigate  the  probable  role  of  HALS  as  quenchers  of  the 
electronically  excited  PNA,  we  studied  the  interaction  of  various 
piperidines,  hydroxy lamines  and  piperidine  N-oxyl  radicals  with  the  singlet 
and  triplet  excited  states  of  anthracene.  In  this  communication  we  report 
the  results  of  such  a  study. 

Acknowledgement.  The  financial  support  of  "Progotto  Finalizzato  Chindca 
Fine  e  Secondaria"  of  C.N.B.  ia  gratefully  acknowledged. 
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A  LASER  PHOTOLYSIS  STUDY  of  the  ALKALIDE  Na+C222.Na’ 
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Alkalides  are  compounds  containing  alkali  metal  ions  at  the  unusual  valence  state  -1.  They  can  be 
prepared  in  amines  (like  melhylamine)  in  the  presence  of  a  cryptand  molecule,  according  to  a 
reaction  such  as : 

2  Na  +  C222  ->  Na+C222.Na' 

The  subsequent  removal  of  the  solvent  leads  to  a  solid  compound  (sodide),  whose  aspect  is  bright, 
shiny,  gold-like.  The  compound  Na+C222.Na'  is  non-metallic.  It  behaves  as  a  semiconductor 
having  an  apparent  band  gap  of  2.4  eV. 

Thin  films  of  solid  Na+C222.Na*  have  been  studied  by  using  laser  photolysis  at  two  different 
wavelengths.  When  excited  at  605  nm  (within  the  main  absorption  peak,  centered  at  650  nm), 
above  a  given  power  threshold,  there  is  a  rapid  bleaching  of  the  spectrum,  followed  by  a  fast  but 
partial  recovery  of  the  absorption  spectrum.  At  308  nm,  even  though  the  absorption  of  the  sodide  is 
very  low,  the  effect  is  the  same,  but  in  this  latter  case,  the  recovery  of  the  spectrum  is  almost 
complete. 

This  phenomenon  is  interpreted  in  the  following  manner :  at  308  nm,  the  sodide  is  excited  directly 
into  the  conduction  band.  The  relaxation  of  the  excited  species  correspond  to  a  simple  hole-electron 
pair  recombination.  At  605  nm,  when  the  laser  power  applied  is  low,  the  sodide  undergoes  a  3s2 
3s3p  transition,  followed  by  a  fast,  non-radiative  process.  When  the  power  is  increa.sed,  two 
processes  occur :  (1)  a  bi-photonic  mechanism  promotes  the  sodide  ion  first  into  the  3s3p  state,  then 
partly  into  the  conduction  band.  (2)  The  recovery  can  therefore  lake  place  both  from  the  conduction 
band  (hole-electron  pair  recombination)  and  from  the  3s3p  excited  state.  In  the  former  case,  since 
the  conduction  band  is  a  continuum  of  delocalized  states,  the  recovery  is  ideal  and  is  similar  to  what 
happens  with  UV  light.  In  the  latter  case,  the  3s3p  orbitals  may  overlap,  thus  leading  to 
decomposition  reactions  such  as ; 

Na'*  +  Na' '  products  (Na,  e'...) 

This  work  shows  the  interest  of  testing  two  different  wavelengths  in  order  to  elucidate  the 
photochemistry  of  Na‘''C222.Na'.  Temperature  dependence  measurements  will  subsequently  be 
made  on  this  sodide  and  extended  to  other  alkalides. 


IV-  BIOLOGICAL  ASPECTS  OF 
PHOTOCHEMISTRY 


IV-I 


THE  PRiMAHY  CHARGE  SEPARATION  IN  PIIOTOSYSTEM1WO. 


James  Durrani,  Gary  Hastings,  James  Barber*,  David  Klug  and  George 

Porter. 

Photochemistry  Research  Group,  Dept.  Pure  &  Applied  Biology  and  *AFRC 
Photosynthesis  Research  Group,  Dept,  ol  Biochemistry,  Imperial  College, 
London,  SW72DB. 

Transient  absorption  spoctroscopy  has  boon  used  to  study  the 
primary  charge  separation  in  reaction  centres  isolated  from  the 
pholosystem  two  of  higher  plants.  The  experimental  apparatus  allowed 
excitation  of  the  reaction  centres  at  wavelengths  between  GOOnm  and 
605nm  with  a  time  resolution  of  150fs.  Absorption  kinetics  are 
observed  with  lifetimes  between  Ips  and  20ps,  using  low  energy 
excitation  pulses  and  stabilised  reaction  centres.  The  transient  species 
involved  are  identified  from  their  spactral  and  excitation  wavelength 
dependence.  The  primary  charge  separation  is  observed,  with  a  lifetime 
of  approximately  1ps.  At  certain  excitation  wavelengths  additional, 
relatively  slow,  kinetics  are  observed  and  assigned  to  energy  transfer 
from  accessory  pigments  to  tfie  primary  electron  donor,  P680.  These 
processes  are  included  in  a  kinetic  model  of  the  electron  and  energy 
transfer  pathways  active  in  the  isolated  photosystem  two  reaction 
centre,  based  on  experiments  conducted  over  a  time  range  from 
femtoseconds  to  milliseconds. 


lV-2 
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<1  -  Laboraloirc  Uc  t'liysico-Cliiinic  Ucs  Rayonncmciils,  Univcrsiti  Paris-SuU,  9MOS-ORSAY 

(I'raiittc) 


Uaiis  Ics  licinoprotciiics,  Ic  I'cr  Uc  t'hcmc  cst  lie  avee  ui)  nioiiic  U'azotc  Uc  I'imiUazolc  U'uiic 
liisiiUinc,  cc  qui  coiircrc  ii  I'liciiic  un  rUlc  iinporiant  icl  quo  !a  fixalion  reversible  Uc  roxyg6iic  (Uans 
Ics  niyoglobincs  -.'t  licinoglobincs),  la  calalysc  Uc  la  rcUuciion  Uc  i'liyUrogcnc  peroxide  (catalases  cl 
peroxidases),  Ic  tru'isporl  U'£lcclroiis  (cytochromes),  I’oxye.ilioii  Uc  subslrats  orgai)i(|ucs 
(oxygenases  cl  Uloxygeirncs)  cl  la  riUuclioit  Uc  1*0,  cn  cau  (oxydases  Icriiiinalcs). 

L'inicraclion  !tl>me-globino  Uans  Ics  hcmoprotdincs  a  UijII  616  tr6s  largcnicnt  cluUicc, 
ccpcnUani  Ic  rdic  Jou6  par  riiistiUinc  proximale  n'csl  pas  encore  conipictcnicnt  6luciU6.  Afin  Uc 
inieux  comprendre  I'cfrct  do  la  liaison  fcr-hislidincsur  iar6nctivii6  Ucrh6mc,  la  pholoUissociation 
Uu  coniplexe  liisliUinc-li6inc-C0  a  616  cmrcp>-$c,  suivic  Uc  mcsurcs  do  spectroscopic  U’absorpiiun 
Uc  la  picoscconvic  (i  la  inilliscconUc.  Lcs  deux  ligands  Uu  groupcnicnt  Ii6mi(|uu,  I'hislidinc  cl  la 
niol6culc  Uc  CO  sont  Uis$oci6cs  apr6s  excitation.  On  n'obscrvc  pas  Uc  phase  Uc  uissociation  Uc 
I'hislidinc  cc  qui  signific  que  Ics  deux  ligands  Uoivcni  etre  Uissucics  Uans  Ics  premieres  pico- 
scconUcs. 

Lcs  cinctiqucsUc  rccombinaison  inUiquent  qu'aprcs  pholoUissociation,  unc  molecule  U'causc 
recombine  cn  premier  rheme  puis  In  molecule  Uc  CO  cl  enrin  1 1x0  cst  rcmplaccc  par  I'hislidinc. 


LASER  Pl{0'l'0LySIS  OF  TOE  HISTIDlNE-llEME-00  COMl’LEX 
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(France) 

2  -  INSERM  U.299,  Hopital  da  Bicfltre,  94275-  I*  Kremlin-Bicfitre  (France) 
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91405-Oraay  (France) 

In  hennoproteins ,  the  heine  is  usually  bonded  by  its  iron  atan  to  an 
imidazole  nitrogen  of  a  tdatidino  residue,  w))icl)  permits  many  important 
functions  such  as  tlie  reversible  biivJing  of  oxygen  (in  myoglobins  and 
lienoglobins ) ,  catalysis  of  tlia  reduction  of  hydrogen  peroxide  (catalases 
and  peroxidases),  electron  transport  (the  cytocliromos),  oxidation  of 
organic  substrates  (oxygenases  and  dioxygenases)  and  tlie  reduction  of 
dioxygen  to  water  (the  terminal  oxidases). 

Ibo  interaction  of  lieme  with  globin  in  liemoproteins  has  l)een 
extensively  studied  but  the  role  of  the  proximal  liistidine  residue  is  not 
yo(;  fully  understood.  In  order  to  understand  tlio  effect  of  the  iron 
histidine  bond  on  ttie  reactivity  of  the  heme,  pliotodissociation  of  the 
histi(Jino-hano-CO  canplex  lias  been  investigated  with  picosecond  to 
millisecond  almoiption  diffoxonco  nixjctra.  DoDi  lignnds  of  tlie  lienw  group, 
histidine  and  ciirixiii  monoxide,  are  apparently  released  after  excitation.  No 
indoiKindont  pliaso  for  the  dissociation  oC  the  liistidino  was  ohr.orvod, 
indicating  that  Ixath  ligands  are  dissociated  witiiin  Uie  first  picosecond. 

The  recomljination  rates  and  Ixinotic  difference  spectra  indicate  t)iat 
aft.or  pliotodissociation,  the  heme  group  recombines  successively  with 
Welter,  carbon  monoxide  and  finally  t)ie  water  molecule  is  replaced  by 
histidine. 
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THE  TRIPLET  STATE  OF  TRYRrOl’HAN  IN  KERATIN 
AND  ITS  REACTION  WITH  OXYOEN 

Gerald  Sinilli 

DSIR  Physical  Sciences,  P  0  IJox  31313,  Lower  Hiitl,  New  Zealand 

Tryptophan  is  a  key  primary  chromopirore  involved  in  dte  piiotochcmistry  of  protein. 
As  sucli,  Uyptopltan  and  related  indoles  have  been  die  subject  of  intensive  pliotocheinical 
investigation  boUi  in  vitro  and  wiUiin  proteins. 

In  die  work  described  in  diis  paper  die  fluorescence  and  phosphorescence  of  tryptophan 
residues  in  the  solid  protein,  keratin  from  wool  has  been  studied. 

From  detemiinations  of  the  tryptophan  fluorescence  maximum  as  a  function  of 
temperature  it  is  concluded  that  diere  is  a  very  effective,  thermally  induced  mixing  of  die  'L, 
and  'Lt,  excited  singlet  states  which  results  in  enlianced  internal  conversion^’’  and,  at  least  in 
part,  could  be  responsible  for  a  relatively  low  triplet  state  yield.  Tlie  triplet  state  yield  of 
tryptophan  in  keratin  at  77K  was  determined  to  be  0.11  whereas  values  of  0.37^”  and  0.50^*’ 
have  been  measured  in  PVA  and  ediylene  glycol  respectively  at  77K. 

Laser  flash  photolysis  measurements  on  the  phosphorescence  excited  by  26S  nm 
excitation  have  shown  that  liiere  is  a  very  rapid  rate  of  reaction  of  oxygen  widi  many  of  die 
triplet  states  of  tryptophan  produced  in  keratin.  Tliis  implies  that  die  observed 
phosphorescence  is  due  to  tryptophan  residues  at  the  surface  of  die  sample  which  react 
principally  with  gas  phase  oxygen  molecules  impinging  on  die  surface. 

Despite  diis  rapid  reaction  with  oxygen,  no  singlet  oxygen  could  be  detected  by  its 
characteristic  chemiluminescence  at  1270  nm  following  excitation  of  tryptophan  triplet  states. 
It  is  estimated  that  if  singlet  oxygen  is  produced,  its  yield  <0.05. 

Tlie  absence  (or  low  yield)  of  singlet  oxygen  could  arise  from  either  the  low  yield  of 
tryptophan  triplet  states  discussed  above  or  inefficient  energy  transfer  from  the  tryptophan 
triplet  to  molecular  ground  state  oxygen. 


(1)  G  I  Smidi  and  W  H  Melhuish,  J  Pliys  Chem,  in  press  (1991). 

(2)  H  Lami  and  N  Glasser,  J  Oiem  Phys,  84,  597-604  (1986). 
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iiXALTATION  1)E  LA  rHOTOACTIVrni  Dli!  MOLliCULliS  llVlUUUliS 
“ZlNC-l‘OUl'IlYKIN-ELLn*TlClNli:”  1‘AU  ADDITION  D’ADN 
SJ.  Milder*,  B.  Meunier**  and  N.  Paillous* 

*Laboraioire  de.t  IMRCP,  URA  470‘CNRS,  Vniversiti  Paul  Sabaiier,  Toulouse 
*  *Laboraloire  de  Cliunie  de  Coordintilhn  du  CNRS,  Toulouse,  France 

Dc  nuinbieuscii  6iui|)cs  (nivnillcm  uctuclluuicnt  an  ili5vclo|)|)cnicnt  (ragenis 
lla5ra|)culuiucs  (|ui  sunt  actives  sdicclivcincnt  par  Icur  cibic  biulugiipic.  Lcs  ddrivi5s  de 
riidinaiupurpliyrinc  liabiluellcinciil  ulilisds  cn  phulullidrapiu  aniicancdtcusc  |)rdscnicnl  nn 
manque  dc  sdlcctlvild  qui  eniroine  simultandmcnt  unc  nipunse  pliutoioxiquc.  Dans  Ic  cache  dcs 
rcchcrclies  rdalisdes  sur  dc  nouvcilcs  porpliyiiiics  syntltdtiqucs,  il  a  did  rdeemment  inontrd  que 
la  zinc-iclrakis(4-N-inc(hylpyridiniumyl}porpliyrinc  (ZnTMPyP)  pent  induirc  dcs  altdrations  dc 

i'ADN  sous  irradiation.* 

Nous  prdscnlons  ici  dc  nouvcilcs  inoldculcs  bybridcs  "zinc-ix>rpliyrinc-cliipticinc'*  (|tn 
prdscnicnt  deux  propridlds  particulidrcmcnt  intcrcssantcs  cn  vuc  dc  Icur  utilisation  cn 
pliotoilidrapic.  La  pceinidrc  csi  que  la  prdscncc  dans  Icur  structure  d'un  agent  intcrcalanl 

augmente  foncmcni  Iciu'  affmitd  pour  I’ADN.^  La  sccondc  cst  que  Icur  pliutoactivitd  qui  csi  tres 
faiblc  cn  solution  iiomogdnc,  cst  fortement  exaltdc  cn  pidscncc  d'ADN. 

Deux  liybridcs  onl  dtd  dtudids^:  Potpl>-0(Cll2)3NIlCO(Cll2)5*Ellip,  1,  ct  Porp- 
N11C0(CH2}4-Ellip,  2.  L*  excitation  dc  la  bandc  Q  dc  la  porphyrinc  provociuc  unc 
luminescence  trds  faiblc  dc  ccs  composds:  Lcur  lendcmcnt  dc  fluorescence  cst  dc  Tordre  dc  8 

X  10*^  ulors  que  la  fluorescence  dc  ZnTMPyP  cst  dc  2.5  x  10‘^,  Lc  rcndcmcnl  dc  fluorescence 
dcs  muldculcs  hybridcs  complcxdcs  par  I’ADN  cst  22  fois  plus  grand  duns  lc  cas  dc  1  (ou  8 
fuis  dans  lc  cas  dc  2)  que  cclui  dcs  hybridcs  fibres  alors  que  lc  rcndcmcnl  dc  fluorescence  dc 
ZnTMPyP  cst  tr5s  peu  modin^  par  la  pidscncc  d’ADN.  Dans  lc  mcme  temps,  lcs  propridlds  dc 
I'dtat  triplet  sont  aussi  fortement  modindcs:  La  luminescence  dc  I’oxygdnc  singulet  gdndrd  p:u' 
lcs  inoldculcs  hybridcs  a  son  rendement  fortement  augmente  (1 1  it  A  fois)  par  addition  d’ADN  . 

Notre  hypolhdsc  cst  que  la  faiblc  photoactivitd  dcs  muldculcs  hybridcs  sculcs  cst  lc 
rdsultat  d’un  stacking  iniramoldculairc  dd  d  Icur  confonnutiun  replide  qui  cnirainc  un  quenching 
dcs  propridlds  dcs  dtats  singulet  cl  triplet.  L’augmcntaliun  dc  Icur  photoactivitd  lors  dc  I’udditiun 
d’ADN  nSsullcrnil  d’un  changement  concomitant  dc  la  confonnation  dc  ccs  inoldculcs.  L’ADN 
sen  ici  d’activatcur  pour  ccs  muldculcs. 


1.  D.  Prascuih,  A.  GauOcincr,  J.D.  Vcriliac,  I.  Kiaijic,  1.  Sissoef  and  E.  Guilid,  Phoioclicin.  I’lioiobiol,,  1986, 
44,  717.  2.  L.  Ding,  G.  Elcinad-Moghadam,  S.  Cros,  C.  Auciair  and  U.  Meunier,  J.  Chein.  See.,  Cheni. 
Cumin.,  2989,  1711.  3.  L.  Ding,  G.  Etcmad-Mogliadam,  S.  Cros,  C.  Auciair  and  D.Mcunicr, }.  Med.  Clicm. 
1991,34,900. 


DNA  AS  A  SWITCH  FOR  THE  PHOTOACTIVITY  OP  HYBRID 
MOLECULES  “ZINC-PORPIIYRIN-ELLIPTICINE” 

S.J.  Milder*,  B,  Mcunicr**  and  N.  Pnillnii!;* 

*Labora(oire  des  IMRCP,  VRA  470-CNRS,  UnivtrsUi  Paul  Sabatier,  Toulouse 
**Laboraioire  de  Chlmie  dt  Coordination  du  CNRS,  Toulouse,  France 

Numerous  teams  are  cuaently  working  on  the  development  of  therapeutic  agents  whicit  are 
selectively  activated  by  their  biological  target.  The  hematoporphyrin  derivatives  usually  used  in 
cancer  pliototherapy  exhibits  a  lack  of  selectivity  which  leads  to  a  concomitant  phototoxic 
response.  Searching  new  photoactivable  synthetic  porphyrins,  it  has  been  recently  shown  that 
2inc-tetrakis(4-N-nicthyIpyridiniumyl)porphyrin  (ZnTMPyP)  may  induce  DNA  damage  under 
irradiation.* 

We  report  here  on  new  water-soluble  hybrid  molecules  ’’zinc-porphyrin-elliplicinc*’  wliich 
cxliibit  two  properties  particularly  interesting  for  their  potential  use  in  phototherapy:  First,  tlic 
presence  of  an  intercalating  agent  highly  increases  the  affinity  of  the  molecule  for  DNA.^ 
Secondly,  their  photoactivity  which  is  very  low  in  homogeneous  solution  is  dramatically 
enhanced  in  the  presence  of  DNA, 

TV/o  hybrid  compounds’  have  been  studied;  Poiph-0(CH2)3NHCO(Cn2)5-Ellip,  l,and 
Porph-NH-CO(Cll2)4-Ellip,  2.  Upon  excitation  in  the  Q-band  of  the  Zn-porpliyrin  the 
luminescence  of  these  compounds  was  very  low:  Their  fluorescence  yield  was  about  8  x  10"'* 
while  the  fluorescence  of  ZnTMpyP  as  2.5  x  lO'^.  The  fluorescence  yield  of  hybrid  molecules . 
complexed  with  DNA  was  72  times  for  1  (or  8  times  for  2)  that  of  free  hybrids  while  the 
fluorescence  yield  of  ZnTMPyP  was  only  poorly  modified  in  tlie  presence  of  DNA.  In  the  same 
time,  the  properties  of  the  triplet  state  were  also  dramatically  changed:  the  yield  of  singlet 
oxygen  emission  generated  by  tlic  hybrid  molecules  was  highly  enhanced  (1 1  or  4  limes)  upon  , 
addition  of  DNA. 

Our  hyjtoihesis  is  tliat  the  low  pholorcactivity  of  hybrid  molecules  alone  is  the  result  of  a 
strong  inlramolcculiir  stacking  due  to  their  folded  conformation  letiding  to  a  quenching  of  the 
properties  of  both  singlet  and  triplet  stales.  Addition  of  DNA  changes  the  conformation  of  the 
molecule  an«l  consequently  their  pholorcactivity,  making  then  DNA  as  a  switch  for 
|)huio:iclivablc  molecules. 


1.  D.  Prascutti,  A.  Caudemer,  J.B.  Vcdiiac,  I.  Kraijic,  1.  Sissoef  and  E.  Guilie,  Pltoioclicin,  PItotobiul.,  I98fi, 
44,  717,  2.  L.  Ding,  0.  Etemad-Moghadam,  S.  Cros,  C,  Auclair  and  B.  Mcunicr,  J.  Clicin.  Soc.,  Clicm. 
Comm.,  1989,  1711.  3.  L.  Ding,  0.  Eicmnd-Moghadam,  S.  Cros,  C.  Auclair  and  D.Mcunicr,  J.  Med.  Clicm. 
1991,34,9(X). 
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THE  PUOTOCUROMIC  EQUILIBRIUM  BETWEEN  BACTERIORIIODOPSIN  (BR) 
AND  ITS  K  INTERMEDIATE  STUDIED  BY  LASER-INDUCED  OPTOACOUSTIC 
SPECTROSCOPY  (LIOAS)  WITH  NS  AND  SUB-PS  LASER  PULSES 

MathiM  Rohr,  Wolfgang  Gartner,  Getd  Schweitzer,  Alfred  R.  Bolzwarth,  and  Silvia  E, 
Bratlaviky 

Max-Planck-Inititut  fiir  Stralilenchemie,  Stiftstr.  34-36,  D-4330  Miilheim  a.d,  Ruhr,  FRG 

LIOAS  was  uied  to  meuure  the  heat  itored  by  the  intermediate  K,  produced  in 
S  pi  after  excitation  of  BR  and  living  for  ca.  2  fit,  i.e.,  longer  than  the  heat  integration 
time  of  the  experiment,  which  ii  determined  by  the  acouitic  traniit  time  (between  150 
and  670  ni  depending  on  the  later  diameter)[l].  Uiing  <  500  femtoiecond  puliei  a  lower 
limit  for  ian—K  —  0-5  '***  derived. 

Through  variation  of  the  acouitic  traniR  time  the  lifetime  of  K  wai  determined  to 
be  TK  s  1.5  fit,  in  agreement  with  the  literature  value  [2]. 

With  6-ni  puliei  a  photochromic  equilibrium  wai  eitabliihed  within  the  pulie 
between  BR  and  K.  The  dependence  of  the  heat  teleaied  promptly  on  the  excitation 
energy  fluence  wai  modeled  for  each  of  the  lix  excitation  wavelengthi  (532-630  nm;  e/r/cB/i 
varied  between  0.7  and  2.7  [2]).  The  belt  fit  of  the  experimental  pointi  wai  obtained  for  a 
quantum  yield  of  formation  BR  from  K,  4^— >8/1  0<41,  and  a  lifetime  of  K*,  tk*  s  39 
pi  (r/c*>  Tbr*  s  0.7  pi  ii  cooiiitent  with  the  higher  iluoreicence  and  the  imaller  Stokei 
ihift  reported  for  K  u  compared  to  BR  [3]). 

Temperature-dependent  LIOAS  meaiurementi  in  the  water-baied  lolution  (pol¬ 
lening  a  itrongly  temperature-dependent  cubic  expansion  coeflicient  around  4  ‘C)  yielded 
a  temperature  independent  terra,  interpreted  as  the  contribution  of  molecular  movementi 
concon.  tant  with  the  photochemical  reaction,  in  addition  to  the  heat  evolution  leading 
to  the  thermal  effect  (temperature-dependent)  [3].  A  one  dimeniional  expaniion  of  100 
pm/molecule  for  the  BR  to  K  phototraniforraation  reiulted  from  the  meaiurementi. 

[1]  Brailaviky  S.E.  and  IleiholT  K.,  "Handbook  of  Organic  Photochemiitry”  (Ed.  Scaiano 
J.C.)  CRC  Preii,  Boca  Raton,  Florida,  1989,  Vol.  1,  Chapter  14. 

[2]  Atkinion  G.U.,  Brack  T.L.,  Blanchard  D.  and  Rumblei  G.,  Chem.  Phyi.,  1989, 131,1. 
[4]  Weitrick  J.A.,  Goodraann  J.L.,  Peteri  K.S.,  Biochemiitry,  1987,20,  8313. 

We  are  indebted  to  Professor  K.  Schaffner  for  his  enthusiastic  support.  M.R.  is 
recipient  of  a  fellowship  from  the  Krupp  von  Bohlen  und  Halbach-Stiftung. 
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KliACl  IONS  i:)liS  1>0K1>I  lYKINliS  VINYLIQUJiS  AVIiC  L'OX''C;i-Nli  vSlNCiULliT 
liN  KI'LA’l  lON  AVLC  LliUR  UTILISATION  liN  I’lIO  rOCIlIMIOTIILkAI’lL 

Hciiliicc  Avcliiic,  Olavio  Delgado,  Daniel  liiaiill 

Lahoialoiic  ile  llio|)liy.sit|ue,  INSliKM  U.  201,  CNRS  UKA  'ISl. 
Museum  National  d'llistoiie  Naluieiie 
<13  rue  Cuvier,  75231  -  Paris  Cedes  05  (1-iaiicc) 


L.a  pliolocliimiullierapie  csl  basec  sur  la  iclention  selective  par  les 
tumours  solides,  de  pliolosensibilisatcurs  lels  que  riicmaloporpliyriiic 
derivee  (llpd)  ou  Ic  Pliotofrin® .  L'irradiation  dcs  structures  biologiqucs 
marquees  par  ecs  colorants  conduit  a  unc  regression  des  tumours 
probablement  par  un  mccanisme  impliquant  I'oxygcne  singulet,  Au  coins 
du  irailcmcnt,  I'llpd  ct  Ic  Pliotofrin®  qui  contiennent  dcs  porpliyrincs 
vinyliques,  subissent  dcs  photo-degradations. 

Nous  avons  utilise  unc  technique  dc  photolysc  par  eclair  laser  pour 
comparer  les  rdactivites  dc  plusicurs  porpliyrincs  vinyliques  vis-a-vis 
de  roxygeiic  singulet  dans  differents  solvants.  Les  porpliyrincs  ctudiecs 
sont  dcrivccs  dc  la  dcutdroporphyrinc  par  dcs  substitutions  cn  position 
2  ou  4.  La  consianlc  dc  vitesse  dc  quenching  de  i'oxygenc  singulet,  kp 
csl  dc  I'ordrc  dc.  10^  M‘*s**.  Cette  valour  csl  bcaucoup  jilus  cicvcc  que 
ccllc  dctcrmince  cn  phololysc  continue  par  d'autres  groupcs.,  Nous  avons 
mis  cn  evidence  unc  augmentation  dc  kp  avee  Ic  caracterc  elcctro- 
donneur  des  substituants  dircctcmcnl  lies  au  cycle  porpliyriiic.  Les 
valours  dc  kp  mcsurccs  pour  Ic  mclaiigc  isomcrique  ct  pour  les  deux 
isomcrcs  separes  (groupc  vinylique  cn  position  2  ou  cn  position  4)  sont 
idenliques.  Les  proprictes  clcctroiiiqucs  ct  la  viscositc  dcs  solvants 
aproti(|ucs  onl  peu  ou  pas  d'influcncc  sur  la  vitesse  de  reaction.  Dc 
mcme,  la  dcutcri'ilion  dcs  solvants  ii'affcctc  pas  kp.  Par  coiilrc,  la 
presence  dc  solvants  protiques  tcis  que  I'cau,  Ic  methanol,  rctlianol  ou  Ic 
N-metliyirormaniidc  provoque  unc  augmcnlaiion  notable  dc  la  vitesse 
dc  quenching.  Ccs  resullats  cxpcrimcniaux  scront  utilises  pour  discutcr 
dc  la  nature  dcs  processus  impliqu^s  dans  la  photomodiricalion  dcs 
porpliyrincs  vinyliques  cl  dc  Icur  importance  cn  photochimiothcrapic. 
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RliACnONS  01' VINYL  PORPHYRINS  WlTl  I  SINOLPT  OXYGON 
RELEVANCE  TO  PIIOTOCI  IEMO'1‘1  lERAPY 

nciilricc  Avcliiic,  Olavio  Delgado,  Daniel  Brault 

Laboraloirc  de  Biophysique,  INSERM  U.  201,  CNRS  URA  /18I, 
Museum  Niiiional  d’llistoirc  Naturellc 
43  rue  Cuvier,  75231  -  Paris  Cedex  05  (Prance) 


Phoiochcnroiherapy  using  hematoporpliyrin  derivative  (Ilpd)  or 
Phoiofrin®  is  based  on  preferential  labelling  of  neoplastic  tissues  by 
these  drugs  which,  upon  subsequent  irradiation  with  visible  light 
specifically  induce  the  regression  of  tumors  probably  via  a  singlet 
oxygen  pathway,  llpd  and  Photofrin®  which  contain  vinyl  porphyrins 
are  known  to  undergo  a  photochemical  cnange  during  treatment. 

Laser  flash  photolysis  has  been  used  to  examine  and  compare  the 
reactivities  of  several  vinyl  porphyrins  towards  singlet  oxygen  (*02)  ii> 
various  solvents.  The  singlet  oxygen  quenching  constant,  kp  (in  the  order 
of  107  M'*s‘')  is  found  to  decrease  with  increasing  electron-withdrawing 
effect  of  substituents  on  the  porphyrin  ring.  Values  of  kp  measured  for 
both  separated  isomers  and  for  the  isomeric  mixture  arc  identical  within 
cx|)crimental  error.  No  direct  effect  of  solvent  electronic  properties  or 
viscosity  can  be  discerned  for  aprotic  solvents.  Likewise,  no  trend  in  the 
results  with  'O2  lifetime  in  the  media  used,  is  observed.  An  accelerating 
effect  of  protic  solvents  such  as  water,  methanol,  ethanol  and  N- 
methyirormamide  is  evidenced..  We  discuss  the  natuic  of  the 
photoprocesses  involved  in  the  photomodificalion  of  vinyl  por|)hyritts. 
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REACTION  INTERMEDIATES  OF  A  DIIIYDROPYRIDINE  DERIVATIVE  OF  A2T  RELATED  TO 
AIDS  DEMENTIA,  STUDIED  BY  35Snm  NANOSECOND  LASER  FLASH  PHOTOLYSIS 

Barbara  Czochralska**’,  Lars  Llndqvlst*  and  Paul  F. Torrence® 

*Laboratolre  df.  Photophysique  MolAculalre,  UnlversltA  Parls-Sud,  91405  Orsay 
(France) 

'’Department  of  Biophysics,  University  of  Warsaw,  02-089  Warsaw  (Poland) 
'Section  on  Biomedical  Chemistry,  Laboratory  of  Analytical  Chemistry, 

National  Institute  of  Diabetes  and  Digestive  and  Kidney  Deseases, 

National  Institutes  of  Health,  Bethesda,  MD  20892  (USA) 

The  discovery  that  AZT  Is  a  potent  Inhibitor  of  human  Immunodeficiency 
virus  (HIV)  has  stimulated  the  synthesis  and  biological  study  of  a  multitude 
of  nucleoside  analogues  with  azldo  substituents  on  the  sugar  rings, 

In  an  attempt  to  provide  a  derivative  which  might  cross  the  blood-brain 
barrier  and  be  sequestred  In  the  central  nervous  system,  the  dlhydropyrldlne 
ester  S'  -(1 , 4-dlt»ydro-l-methyl-3-pyrldlnylcarbonyl  )-3‘  -deoxythymldlne 
(IIPAZT)  has  been  synthesized*''.  The  delivery  to  the  nervous  system  Is  based 
on  dlhydropyrldlne-pyrldlnlum  Ion  redox  Interconversion,  and  It  Is  therefore 
of  Interest  to  characterize  the  Intermediates  Involved  In  this  transfor¬ 
mation.. 

It  was  previously  shown  ’  that  exposure  of  dlhydronlcotlnamlde 
adenine  dlmicleotlde  (NADH)  In  aqueous  solution  to  355  nm  laser  emission 
gives  rise  to  one-electron  ejection  by  stepwise  two-photon  excitation  with 
formation  of  semlqulnonlc  nicotinamide  radicals. 

We  have  now  demonstrated  that  this  photochemical  reaction  occurs  also 
In  the  case  of  IIPAZT  In  aqueous  solution.  The  efficiency  of  photolonlzatlon 
Is  close  to  that  of  NADH,  The  IIPAZT  radical  cation  formed  In  this  process 

-7 

deprotonates  In  approx.  10  s  to  give  the  neutral  radlcal.- 

The  Ionization  of  IIPAZT  by  two-photon  excitation  at  355  nm  thus  pro¬ 
vides  a  convenient  means  of  producing  radlealar  forms  of  this  compound  for 
study  of  redox  reactions  Involving  IIPAZT  radicals  as  Intermediates. 

(1)  P.F. Torrence,  J.KlnJo,  K.I.eslak,  J.Balzarlnl,  E.De  Clercq,  FERS  Letters 
234  135  (1988) 

(2)  B.Czochralska,  L. Llndqvlst,  Chem. Phys. Letters  101  297  (1983) 

(3)  L. Llndqvlst,  B.Czochralska,  I.Crlgorov,  Chem. Phys. Letters  119  494  (1985) 
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INlHlMEDIAmES  nEACTIONNCLS  D’UN  DERIVE  DE  L' AZT  RELATIF  A  LA  DEMENCE 
DUE  AU  SI  DA,  STUDIES  PAR  PllOTOLYSE-LASER  NANOSECONDE  A  355  NM. 

Barbara  Czochralska**’,  Lars  Undqvlsl*  el  Paul  F. Torrence' 

'Laboralolrc  Ue  PhoLopliyslquc  Mol6culalrc,  UnlvcrslL6  Parls-Sud,  9H05  Orsay 
(France) 

*’D6parlment  de  Oiophyslque,  University  de  Varsovle,  02-089  Varsovlc  (Polognc) 
'Section  on  Biomedical  Chemistry,  Laboratory  of  Analytical  Chemistry, 

National  institute  of  Diabetes  and  Digestive  and  Kidney  Deseases, 

National  Institutes  of  Health,  Dethesda,  MO  20892  (USA) 

La  ddcouverte  que  I'AZT  est  un  Inhlblteur  puissant  du  virus  de  I'lmmu- 
nodeflclence  humalne  (HIV)  a  cncouragd  la  synth6se  et  I’ytude  blologlquc 
d'une  multitude  d' analogues  nuciyosldcsavec  dcs  substltuants  azldo,; 

Dans  le  but  d'obtenlr  un  d6riv6  susceptible  de  franchlr  la  barrlAre 
sang-cervoau  et  d'etre  plAgy  dans  le  syst^me  nerveux  central,  Tester  de  la 
dlhydropyrldlne  5’ - ( 1 , 4-dlhydro-l-methyl-3-pyrldlny Icarbonyl )-3’  -deoxy thy¬ 
midine  (HPAZT)  a  yt6  synlhytls6***.  L' Introduction  dans  le  systdme  nerveux 
est  bas6e  sur  T Interconversion  redox  dlhydropyrldlne  -  Ion  pyrldlnlum,  et 
11  est  par  consequent  Interessant  de  pouvolr  etudler  et  caracterlser  les 
Intcrmedlalres  lmpllqu6s  dans  cctte  transformation. 

(2  3) 

II  a  pr^cedcnfiment  d6inontr6  *  qu*il  est  possible  d'obtenlr 

T ejection  d'un  electron  du  dlhydronlcotlnamlde  adenine  dlnucleotlde  (NADH) 
en  solution  aqueuse,  avcc  formation  de  radlcaux  scmlqulnonlques  du  groupe- 
ment  nicotinamide,  A  Talde  d'un  rayonncment  laser  Impulslonnel  A  355  nm.- 

Nous  avons  malntenant  montrA  que  cette  reaction  photochlmlque  a  lieu 
Agalement  dans  le  cas  de  T HPAZT  en  solution  aqueuse.  L’efflcaclte  de  photo- 
lonlsatlon  est  proche  de  celle  pour  le  NADH.  Le  radical  cation  de  1’ HPAZT 
forme  dans  ce  processus  donne  en  ~10*^s  le  radical  neutre  par  dAprotonatlon. 

L' Ionisation  de  THPAZT  par  excitation  blphotonlque  A  355  nm  donne 
alnsl  un  moyen  IntAressant  de  produlre  des  formes  radlcalalres  de  ce  compose 
pour  1’ etude  de  reactions  rAdox  Impllquant  des  radlcaux  de  THPAZT  comme 
IntermAdlalres. 

(1)  P.F. Torrence,  J.KlnJo,  K.Leslak,  J.Balzarlnl,  E.De  Clercq,  FEBS  Letters 
234  135  (1988) 

(2)  B.Czochralska,  L.Llndqvlst,  Chcm.Phys. Letters  101  297  (1983) 

(3)  L.Llndqvlst,  B.Czochralska,  l.Grlgorov,  Chem.Phys. Letters  119  494  (1985) 
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FLUOnESCENCE  SPECTHOSCOPY  AND  TRYPTOPHAN 
CONTENT  OF  CIILOROPLAST  COUPLING  KACTO)U"CF^" 

llASSAN  M.  YOtlNIS 

Faculty  of  ABriculture,  Alexandria  University, 

EL-Chatby,  Alexandria,  Egypt . 

CFj,ls  the  known  enzyme  of  photophosphorylation  in  c.hloropl- 
asts.  It  couples  the  photo-induced  electron  flow  to  ATP  synthe¬ 
sis  via  a  trans-membrane  gradient  in  electrochemical  potential 
created  by  H^-movement,  The  enzyme  is  one  of  the  most  complicated 
known  enzymes  (1,2).  Its  detailed  structure,  conformational  tra-- 
nsitions  and  molecular  mechanism,  although  of  great  importance, 
are  all  poorly  understood.  In  this  context,  fluorescence  studies 
would  provide  valuable  information(2,3) .  Thence,  in  this  report, 
absorption  spectra  and  fluorescence  emission,  excitation  and  pol¬ 
arization  spectra  of  the  protein  were  studied.  All  criteria  indi¬ 
cated  the  existence  of  tryptophan  in  the  protein.  Depending  on 
the  method  of  determination  there  were  8-12  moles  of  tryptophan 
per  mole  of  the  enzyme.  Tyrosine  was  also  determined  and  a  ratio 
of  8  tyrosine  1  tryptophan  was  estimated  in  the  protein.  Fluo¬ 
rescence  life  time  determined  from  simultaneous  measurements  of 
phase  lag  and  degree  of  modulation  at  a  single  light-modulation 
frequency  revealed  that  tryptophan  exists  in  heterogeneous  aq»ie- 
ous  environments  within  the  protein. 

Utilization  of  tlio  al)ovo  properties  in  the  study  of  the  stru¬ 
cture,  molecular  mec.lian i sm  and  dynamics  of  tlu;  enzyme  will  be 
discussed . 

lie  fere  nee  s : 

1)  Younis,  II.  M.  ,  Wirif'et,  0.  D.  and  Rackor,  E.  (  197  7  )  J  .Diol  .Chem . 
252,  18H  -  1818. 

2)  Younis,  II,  M.  ,  Weber,  G.  an<I  Iloyor,  .1.  (  1 983  llliochemistry ,  22, 
2505  -  2512, 

3)  Younis,  II. M.,  Iloyer,  <J..S.  and  Oovi  nd,ie(;(  1 9  79  )I1iochom.  Diophys. 
A('la.  5'18:.  ;I28-:M0. 
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HOLE  BL’KN’ING  STUDY  OF  INTACT  CELLS  OF  PHOTOSYNTHETIC  GREEN  BACTERIA 

t  t!  <1 

Koit  Mauring,  Larisa  Shibaeva  ,  Alexandra  Taisova  and  Zoya  Fetisova 

^  Institute  of  Physicsi  Estonian  Academy  of  Sciences,  Tartu  202400  and 
A.N.  Belozersky  Laboratory  of  Molecular  Biology  &  Bioorganic  Chemistis,' 
Moscow  State  University,  119899  -  Moscow  (U.S.S.R.) 


The  photosynthetic  pigment  molecules  in  natural  light-harvesting 
antennas  form  the  lattices  of  a  cluster  type.  Can  this  clustering  of  the 
pigment  molecules  be  considered  as  one  of  the  optimizing  structural 
factors  ensuring  the  high  efficiency  of  excitation  energy  transfer  from 
an  antenna  to  a  reaction  center?  This  problem  has  been  examined  here  by 
mathematical  simulation  of  the  light-hatvesting  process  in  model  three- 
dimensional  systems.  It  has  been  shown  that  only  in  the  case  of  strong 
interactions  within  each  molecular  cluster  (upon  oligomerization  of  mo¬ 
lecules  in  the  cluster  allowing  to  consider  each  oligomer  as  a  single 
"supermolecule") >  the  formation  of  pigment  clusters  in  a  light-harvesting 
system  increases  the  efficiency  of  such  system  as  compared  to  that  of  a 
corresponding  monomeric  uniform  isotropic  system  of  the  same  volume.. 
Therefore,  the  oligomerization  of  antenna  pigments,  as  an  efficient 
strategy  for  the  light  harvesting  in  photosynthesis,  is  biologically 

expedient^^^ .  The  question  of  whether  this  is  the  case  for  the  three- 

(2) 

dimensional  chlorosomal  superantenna  of  green  bacteria  has  been 
examined  with  hole  burning  spectroscopy.  The  hole  burning  in  fluorescence 
excitation  and  emission  spectra  of  intact  cells  has  been  measured  at  1.8  K. 
The  contribution  of  inliomogeneous  line  broadening  to  the  profiles  of  both 
spectra  has  been  shown.  The  persistent  hole  spectra  have  been  found  to  be 
consistent  with  a  strongly  coupled  bacteriochlorophyll  c  chromophore 
system  within  a  cluster.  The  results  directly  demonstrate  that  each 
bacteriochlorophyll  c  cluster  in  natural  chlorosomal  antenna  of  green 
bacterid  behaves  in  the  process  of  excitation  energy  transfer  as  a  single 
supermolecule. 

(1)  Fetisova,  Z.G.,  Shibaeva,  L.V.  &  Fok.M.V.  (1939)  J.Theor. Biol. 140,  167 

(2)  Fetisova,  Z.G,,  Freiberg,  A.M.,  &  Timpmann,  K.E.  (1988)  Nature  334 ,  633 
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PSIOTODYNAMIC  THERAPY  AS  A  CHEMICAL  KINETIC  PROCEDURE 

D.  Gall  C.  Mogeri  T.  Shulikovskayai  L.  SUmegl,  T.  Vld6czy  and 
H.A,  El-Zemzam 

Central  Research  Institute  for  Chenlscry  of  the  Hungarian  Academy  of 
Sciences,  1525  Budapest,  P.O.Box  17,  Hungary 

Photodynamic  Therapy  (PDT)  has  emerged  In  the  last  decade  as  a  prospec¬ 
tive  tool  In  clinical  trials  for  the  treatment  of  malignant  cells.  Several 

(1-4) 

schools  all  over  the  world  are  studying  and  using  It  In  spite  of  the 

fact  chat  kinetic  parameters  and  adequate  mechanisms  are  not  well  known. 

PDT  can  be  scientifically  defined  as  a  light  (laser)  activated  photo- 
senslclzer  effect  In  biological  tissues.  Most  of  literature  sources  assume 
that  activation  leads  to  singlet  oxygen  exerting  the  annihilating  effect 
(Type  II  mechanism),  though  there  are  references  indicating  also  the  role 
of  radicals  (Type  I  mechanism). 

The  authors  suggest  chat  parallel  Co  the  formation  of  singlet  oxygen 
as  Che  annihilating  agent,  active  species  formed  during  Che  activation  of 
the  photosensitizer  (e.g.  haemaCoporphyrln  and  its  derivatives)  Interact 
with  active  species  (e.g.  radicals  generated  by  Che  biological  entities) 
called  Modified  Type  One  (MTO)  mechanism. 

In  order  to  support  this  view  following  experimental  work  has  been 
performed: 

-  Laser  flash  photolysis  studies  on  formation  of  singlet  oxygen  In  the  ab¬ 
sence  and  In  the  presence  of  radicals  introduced  into  the’ system 

-  Investigation  of  active  species  formed  during  the  Irradiation  of  Hp  and 
Hpd-s 

-  Electron  spin  resonance  measurements  of  radicals  in  mice  before  and  af¬ 
ter  irradiation  In  Che  absence  and  In  the  presence  of  Hp  and  Hpd-s  ad¬ 
ministered; 

-  Measurement  of  photobleachlng  of  Hp  and  Hpd-s. 

The  present  lecture  summarizes  results  obtained  In  above  fields. 

1.  T.J,  Dougherty,  H.R.  Potter.  K.R.  Wlshaurl:  Porphyrins  In  Tumor  Photo¬ 
therapy  (Eds:  A.  Andreonl,  R.;  Cubeddu,  New  York,  Plenum  Press  1984,  p.3l; 

2.  D.  Bessel,  M.  Cheng:  Photochem.Photoblol.  41,  277  (1985); 

3.  C.'  Jori:  Lasers  Med.Scl.,  115  (1990); 

4.  R.V.  Bensnsson,  E.J.  Land,  T.G.Troscott :  Flash  Photolysis  and  Pulse  Radio- 
lysis  (Oxford,  Pergamon  Press,  1983,  p.  241). 
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Photolysis  of  Dlacotyl-Oxygen  Mixtures  in  the  Temperature 
Range  of  233  -  333  X:  Kinetics  and  Mechanism  of  the  Reaction 
System  CH3COO2  -  CH3O2  -MO2 

O.  Horie  and  G.  K.  Moortgat 

Max-Planck-InsMtut  fur  Chemie,  Division  of  Atmospheric 
chemistry,  D-6s00  Mainz,  Germany 

Biacetyl  (butane-2 , 3-dione)  was  photolyzed  at  atmospheric 
pressure  in  Ar/02  °  80/20  mixtures  between  233  and  333  K  using 
Philips  TL03  lamps  (390  -  470  nm  wit.i  the  maximum  at  420  nm) 
under  steady-state  flow  conditions.  Primary  photolysis  yields 
CII3CO  radicals,  which  in  O2  subsequently  generates  CII3COO2, 
CH3J2,  1*^2  radicals.  This  photolysis  system  thus  provides 
a  convenient  system  for  studying  kinetics  and  mechanism  of 
mutual  reactions  of  these  peroxy  radicals.  The  reaction 
products  were  analyzed  by  the  matrix-isolation  FTIR 
spectrorcopy  coupled  with  the  molecular-beam  sampling.  The 
reaction  products  were  CO2,  CO,  HCIIO,  Clt3C00Il,  O3,  CH3COOOII, 
0113011,  IICOOH,  and  H2O2. 

The  quantitative  product  data  were  used  to  determine  the 
rate  constants  and  the  branching  ratios  of  the  following  two 
important  reactions  over  the  temperature  range  of  233  -  333  K 
by  moans  of  a  computer  simulation; 


CII3COO2  +  IIO2 - >  CH3COOOII  +  O2  (la) 

CII3COO2  IIO2 - >  CH3COOII  +  O3  (lb) 

and 

CII3COO2  +  CH3O2 - >  CllgCOO  +  CII3O  +  O2  (2a) 

CII3COO2  cr.302 - >  CII3COOII  +  IICIIO  H-  O2  (2b) 


A  detailed  discussion  on  the  results  of  the  simulation  will  be 
presented,  and  relevance  to  tropospheric  chemistry  will  be 
indicated . 
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LASUR  llXCn'A'l’lON  01' ‘1110  A’i'*,  A'^A^  AND  c'X-  S'l’ATliS  01'  MOLUCULAR 

OXYGUN 

J.  Wiidt,  G.  Ocdiiiiick.  E  11.  Fink  and  R.  P.  Wayne 
PC/l'll  y,  UUGIi  Wuppcital,  56(K)  Wuijpcrtal  1, 1'RG 
PCL,  Oxford  UniversiCy,  Soutli  Park.s  Road,  Oxford  0X1  3QZ,  UK 

Molecular  oxygen  was  selectively  excited  to  the  A*’I+  (v'  =7,8),  A'^A^  (v'  ==11) 
and  c‘2"  (v '  =  13)  slates  by  absorption  of  pulsed  dye-laser  emission. 

Tiinc-resolved  fluorescence  could  only  be  observed  in  llic  b*2+  -»•  X^2“  bund  at 
A.=762  nm. 

A  good  signal-lo-noisc  ratio  of  ^250  could  be  achieved  for  absorplion  in  llic 
A^I*  ^  X^I"  transition;  smaller  values  were  obtained  for  the  A'^A^  *-  X^Ig 
(S:N=15)  and  c'Zj  «-  X^X'  (S:N=10)  transitions. 

O 

From  the  temporal  bcliaviour  of  the  b*X*  -♦  X^X"  emission,  a  lower  limit  for  the 

O  O 

rale  constant  for  ([uenching  of  02(A^X*)  by  oxygen  itself  could  be  deduced  to  be 
ilxlO'ii  cm^i  for  the  vibrational  levels  v'=  7,8. 

It  was  not  possible  to  measure  the  corresponding  rates  for  the  A'^A^  (''*=11)  “it* 
c'Xj  (v'=13)  stales,  because  of  the  small  S:N  ratios. 

The  data  for  the  intensity  of  the  b*X+  -»•  X^X"  emission  as  a  function  of  the 

O  O 

O2/N2  mixing  ratio  suggest  that  not  all  the  quenching  of  the  ungcrade  slates  leads  to 
population  of  the  b‘X^  stale. 

O 

A  value  for  the  yield  of  b'X*  from  quenching  of  the  A^X*  stale  by  0,iUself,  a, 
could  only  be  calculated  relative  to  the  yield  of  b'X+  from  quenching  of  the  A^X+  slate 
by  N2,  p.  This  ratio  was  fitted  to  tlic  experimental  data  using  a  simple  relation  between 
the  intensity  of  the  b*X*  -*  X^X"  emission  and  the  O2/N2  mixing  ratio.  Assuming  /J=l, 
i.c.  that  b*X+  is  the  only  product  of  quenching  of  the  A^X*  stale  by  N2,  physical  sen.se 
limits  the  value  for  a  into  the  range  U.4  £  a  2  0.11. 


■son.  SHNSITISI-D  iniOTODI-GKAIMTION  01-  IMORHSMl-TIHUN 


P  Clements  and  C  H  J  Wells 

School  of  Applied  Chemistry,  Kingston  Polytechnic,  Kingston  upon  'I'liamcs, 

Stirrey,  KTl  2nU,  llngland 

A  knowledge  of  the  mode  of  photodegradation  of  agrochemicals  is  of  importance.  Studies''’ 
have  shosvn  that  singlet  oxygen  could  be  implicated  in  the  environmental  breakdown  of 
certain  agrochemicals,  and,  furthermore,  it  has  been  suggested’  that  singlet  oxygen  can  be 
formed  oi\  soil  surfaces  and  can  contribute  to  the  photo-oxidation  of  organic  compounds.  We 
have  used  soil  samples  as  the  sensitising  substrate  in  the  scparatcd-surfacc-scnsitiser  (s-s-s) 
reactor  developed  by  Midden  el  al,'*  and  by  comparison  with  results  obtained  using  known 
sensitisers  for  the  formation  of  singlet  oxygen  we  have  been  able  to  show  that  soil  samples 
can  generate  singlet  oxygen  and  that  the  singlet  oxygen  so  generated  causes  the  photo- 
degradation  of  bioresmethrin,  a  well  known  pyrethroid  insecticide. 

Kesults  will  be  presented  showing  that  soil  samples  of  different  pit  can  generate  singlet 
oxygen,  and  that  the  photo-degradation  of  bioresmethrin  is  inhibited  in  the  presence  of  the 
singlet  oxygen  (|uenchor,  fi-taiotene. 

licferonces 

l.,S  U  Dixon  :md  (;.  II  J  Wells,  PgslicideJiciiMiee,  Id,  ‘I'l'l-d'IK  (I9K.^) 

2.S  U  Dixon  and  C.’  II  J  Wells,  .PysticidiiS’vience,  21.,  155-161  (ld«7) 
l.K  (iohre  and  (i'  C  Miller,  J  Agric  I’ood  C'hein.  il,  709-711  (1986) 
d.W  |{  Midden  and  S  Y  Wang,  J  Amer  (liem  Soc.  JOS  <1129-4115  (1981) 
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I'llOTODEGKADATlON  OF  THIUUTYLTIN  (TUT)  IN  liNVIHONMKNTAI,'  WATlill:  TIIK  UOl.F.  OF 
Tlllf  OUimOUNOINC!  ATMOtil’IlKltiC  CASHS 

+  • 

J.A.Nnviu,  F. J .MarcUnna,  C.Cerrlllos  and  F.dc  PaUlos 

Indtituto  do  Cicncia  do  Matorialos.Universidad  do  SoviJ la-CSIC/UpLo.  do  Oul 
mica  Inor(jfiiiicn.Facultad  do  Qu£mica.4101?-Scvi]  in  (Spain). 

a 

do  Oiiiiiiicn  AnaJ  It.icn.Fiicul  Uid  do  ()uiiiiicn .  Un  i  voriiidad  do  Sovillii, 
<11012-ScviJ  in  (Spain). 

Tin  in  iLa  inorp.tuuc  form  iu  I’onoraJly  uccopLod  an  boinp,  non-Loxic;'  liowo 
vor,  Llic  aLlachmciiL  of  ono  or  more  organic  groups  Lo  Llio  Lin  atom,  via  Sn-C 
bond,  has  a  drastic  effect  on  tlio  biologicui  activi Ly  ^  ^  ^  .Organotin  compounds 
of  the  typo  li^SnX^  ^  have  a  considerable  number  of  industrial  applications 
and  are  tlioroforo  able  Lo  enter  Llio  environment  througli  a  variety  of  routes. 
In  particular,  the  environmental  impact  of  Lributyltin  (TUT)  compounds  in  the 
aquatic  environment  lias  been  the  subjetc  of  o  large  amount  of  research  in  the 
past  10  yoars^^^,  Tiio  degradation  of  an  organotin  compound  may  bo  defined  as 
the  progressive  removal  of  the  organic  groups  attached  to  the  tin  atom,accom 
panied  by  >  progressive  lowering  in  biological  activity. 

R^Sn  - (-n^SnX  - «-n2SnX2  - ^  RSnX^  - ►  SnX^  (equation  1) 

Degradation  involves  tlio  breaking  of  a  Sn-C  bond,  and  Wiis  may  occur  by  a 

number  of  different  processes  being  ono  of  them  by  direct  ultra-violet  irra 

diation.  Although  the  degradation  of  TDT  has  been  studied  in  environmentai 

(2-3) 

water, by  direct  exposure  to  sunlight  photons  ,  however  an  understanding 
of  tliQ  factors  affecting  the  photolytic  degradation  TDT  compounds  require  a 
more  detailed  account.  In  this  respect  the  photodegradation  of  TDT  and  rela 
tod  compounds  as  DDT  and  MUT  in  pure  water  (at  pll=5.b)  lias  boon  studied  by 
us,  under  air  pure  oxygen  or  under  pure  nitrogen  atmospheres.  The  nature  of 
the  surrounding  atmospiiorc  (cither  0^,  or  air)  seems  to  play  a  significant 
effect,  wliicli  is  different  to  cacli  ones  of  the  stabiished  rates  for  tlio  pho 
Lodogradation  of  organic  groups  following  the  soquonco  of  equation  1. 

On  tlie  other  hand,  the  presence  of  undergo  retarded  the  ra_ 

to  of  the  TDT  pliolodegradation  in  comparison  to  its  photolytic  degradation 
rate  in  pure  aereated  water. 

REFERENCES: 

1. -S.J.  Dlunden  and  A. Chapman,  in  "Organometaliic  Compounds  in  the  Environ 
ment",  P.J. Craig  (Ed.  )Longman,  F-ssex  (UK),  (1980). 

2. -K.0uhamcl ,  G.D1anchard,G.Doranget  and  G. Martin,  Applied  Organometaliic 
Chemistry,  4  (1907)  133. 

3. -Y,Uattori,  Water  Sci.  Technol,  20,  6/7  (1988)  71, 

^Author  to  whom  correspondence  should  bo  addressed 
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KINF/nC  STUDY  OF  THE  RF-AOTIOH  OF  NO,  WITH  HOj 


A^HelAoi^,  R.  Taluktlnr,  A.M.R.P.-  Bopejjotlpra,  niul  C.J.  Howard 


NOAA,  Aoronoray  Laboratory,  3?5  Broadway,  Boulder  CO  80303  -  USA 

and 

Cooperative  Institute  for  Research  In  Environmental  Sciences, 
University  of  Colorado,  Boulder  CO  B0309  -  USA 


Tlie  nitrate  free  radical  NOj  plays  a  significant  rola  in  nighttime 
atmospheric  chemistry.  HCj  Is  produced  by  tlie  reaction  between  KOj 
and  0], 

Tlie  rc, action  of  NOj  with  HOj  Is  of  potential  atmospheric  Interest 
because  of  tholr  coexistence  In  tho  nighttime  atirosphere.  This 
reaction  may  proceed  via  two  exothermic  channels; 


HOj  +  HOj  -  HNOj  +  0, 

-•  Oil  +  NOj  t  Oj 


iL  may  have  an  Influence  on  both  tho  NOj  and  HOj  budgets  and  also 
contribute  to  the  UNO,  formation,  which  Is  one  component  of  the  arid 
doposltlon..  It  may  also  generate  OH  during  nighttime'’’. 

Throe  studlen  of  this  reaction  ware  reported  recently'*"**.  In  only 
one  of  tliom**’  evidence  was  given  for  tho  two  choi\nols  producing  OH  and 


IINOj. 

Here,;  we  report  a  more  direct  study  of  the  reaction  of  NO,  with 
HOj  at  room  temperature  using  the  discharge  flow  laser  magnetic 
resonance  (IHU)  method.  Experiments  wore  done  with  HO,  added  In  excess 
over  HO,.  The  HO,  radicals  were  formed  using  the  reaction  H  +  0,  H. 
Throe  mctl\ods  wore  used  to  produce  NO,:'  a)  F  +  UNO,,  b)  01  -f  CIONO,  and 
c)  thermal  decomposition  of  NjO,. 

The  absolute  concentrations  of  NO,  In  tho  reactor  wore  determined 
by  chemical  titration  using  excess  of  NO:;  NO  +  NO,  -*  2NO2.  The 
concontr.iLlons  of  110,,  OH  and  NO,  wore  measured  by  means  of  IHR.- 

Since  OH  was  found  to  bo  produced  In  tl:o  reaction  of  NO,  with  HO,, 
CjFjCl  was  used  to  scavenge  OH.  Tho  overall  rate  con.sLnnt  ohlalned  was 
k  -  (3.0  i  0.7)  X  10"**  cm’  molecule"’  s"’  at  298  K  and  l>  -  (l.A  -  1.9) 
Torr  which  Is  In  reasonable  agreement  with  the  previous  measurements.- 
Direct  detection  of  HO,  and  OH  radicals  and  the  use  of  three  different 
sources  of  NO,  enabled  us  to  confirm  the  existence  of  tlie  second 
channel  producing  Oil. 


1)  rlatl.  U.,  1.0  liras  C.  ,  I’oulet  C.  ,  Burrows  J.P.  and  MoortgaU  C.- 
(1990)  NaMiro  3AI1,  IA7-1A9. 

7)  MoIloukI  A.,  1.0  liras  C.  and  Poulet  0,  (19BB)  J,  riiyx.,  Clirin.  92, 
7229-771A. 

3)  Hall  I.W.,  Wayne  R.P.,  Cox  R.A.  ,  Jonkin  H.A.  and  llnyraan  CM). 

(1988)  J..  I’liys.,  Chem.  92,  50/i9-505A. 

A)  Ewlg  F.  ,  Hoffmann  A.,  and  Zcllnor  R.  (1988)  XV  Jittcrn.ttJoiwl 

Syiiijios him  on  Gas  Khicclcs ,  Swansea,  United  Kingdom  2A-29  .Uily. 
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UV  Absorption  Cross  Sections  of  Formyl  Bromide  and  Carbonyl  Dibromide 


H.G.  Libuda,  F.  Zabel  and  K.H.  Becker 
Bciyisclio  Univursilill  •  Gi  l  Wuppertal,  Physikalische  Clicinio  /  l-B  9, 
5600  Wuppertal  1,  FRG 


Formyl  bromide  (CHBrO)  and  carbonyl  dibromide  (CBrjO)  are  intermediates  in  llie  alriio- 
spheric  degradation  ol  the  two  most  important  natural  brominated  hydrocarbons,  CHjBr  and 
CHBr3. 

In  the  present  work,  UV  spectra  of  both  compounds  have  been  recorded  in  a  480  I 
chamber  from  Duran  glass  using  a  diode  array  detector  and  an  optical  pathlength  ol  50.4  m. 
The  spectra  were  recorded  between  240  and  360  nm  at  a  spectral  resolution  ol  0.5  nm.  Si¬ 
multaneously,  IR  spectra  were  taken  at  a  resolution  ol  l  cm"’  using  a  FT-IR  spectrometer. 
Carbonyl  dibromide  was  prepared  by  the  reaction  ol  CBr^  with  HjSO,,,.  formyl  bromide  was 
produced  in  situ  by  photolysis  of  CHjO/Brj/Nj  mixtures  (Niki  et  al.,  1991).  CHBrO  is  very  un¬ 
stable  with  respect  to  wall  reactions,  and  product  spectra  had  lo  be  corrected  lor  absorpti¬ 
ons  from  HBr  and  Brj.  Absolute  absorption  cross  sections  ol  CHBrO  were  obtained  by  Br 
atom  catalysed  transformation  of  CHBrO  lo  HBr  and  CO,  calibrating  the  observed  UV  ab¬ 
sorbance  change  by  the  simultaneous  change  ol  CO  concentration  as  measured  in  the  IR. 

UV  spectra  ol  CBtjO  and  CHBrO  will  be  compared  with  those  ol  CH-O,  CHClO,  and 
ceijO,  and  the  photolysis  rate  constants  ol  CHBrO  and  CBrjO  ln  the  troposphere  will  be 
estimated. 


Formyl  Bromide  (CHBrO,  preliminary) 


Carbonyl  Dibromide  (COBrj) 


UV  Absorption  Spectra  at  298  K  in  1  bar  ol  Nj . 
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PHOTOCATALYTIC  DETOXIFICATION  OF  POLLUTED  AQUIFERS: 
POTENTIALS  AND  PROBLEMS 

Dellef  Bahnemann,  Dirk  Bockelmann,  Roland  Goslich  and  Kirsten  Wold 
Institut  fuer  Solarenergleforschung  GmbH,  Sokelantstrasse  5, 

W  3000  Hannover  1  (Germany) 

Research  in  the  area  of  photocatalysis  has  drawn  the  attention  of  many  photochem¬ 
ists  over  the  last  ten  years.  The  following  principle  is  generally  obeyed  in  all  photo- 
catalylic  systems:  electron/hole  pairs  are  generated  following  the  absorption  of  photons 
by  molecules  or  particles  (e.g.  semiconductor  particles  in  arnienus  suspension).  Useful 
chemical  reactions  can  be  driven  if  these  charge  carriers  are  separated  and  transferred 
to  two  different  redox  couples.  Originally  this  concept  was  introduced  to  split  water  into 
molecular  oxygen  and  hydrogen.  Meanwhile,  simitar  systems  have  been  developed  to 
achieve  novel  synthetic  pathways  as  well  as  to  mineralize  toxic  waste  materials^’). 
Advancements  of  the  latter  process  will  be  reported  here. 

The  destruction  of  toxic  halogenated  hydrocarbons  in  waste  water  eflluents  or  ground 
water  walls  is  a  problem  of  growing  importance  in  our  industrial  society.  Since  conven¬ 
tional  methods  such  as  chemical  oxidation  or  microbial  treatment  are  often  not  efficient 
for  the  destruction  of  these  toxins,  alternative  routes  lor  detoxilication  are  required.  It  has 
been  shown  that  semiconductor  particles  can  be  used  as  photocatalysts  which  are  capa¬ 
ble  of  inducing  the  complete  mineralization  of  many  of  these  hazardous  compounds*^^ 
To  judge  the  potentials  of  this  method,  it  is  necessary  to  understand  the  underlying  reac¬ 
tion  mechanisms.  Thus  ‘'  .e  inlluence  of  light  intensity,  temperature  and  pH  on  the  overall 
yield  of  the  destruction  of  halogenated  hydrocarbons  in  aqueous  suspensions  containing 
titanium  dioxide  powder  has  been  studied  in  detail.  Also,  we  have  carried  out  investiga¬ 
tions  to  establish  the  importance  of  the  intermediacy  of  hydroxyl  radicals  in  these  sys¬ 
tems.  Models  are  prcsonlod  lo  explain  the  observations  made  wilh  chloroform  and  ace¬ 
tate  as  probe  molecules  and  to  enable  predictions  ol  the  olliciency  o(  this  method  for  "reai 
world"  applications. 

(1 )  D.  Bahnemann,  Proceedings  ol  the  0th  International  Conlerence  on  Photochemical 
Conversion  and  Storage  of  Solar  Energy,  E.  Pelizzetti  and  M.  Schiavello  (Eds.), 
(1991)  in  the  press. 

(2)  D.  Bockelmann,  R.  Goslich,  D.  Bahnemann,  Proceeding  ol  the  5th  lEA  Symposium 
on  Solar  High  Tomperalure  Technologies,  P.  Kesselring  and  0.  Smerkar  (Eds.), 
(1991)  in  the  press. 
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Pliolooxidiilion  ol'  Anthracene  in  Aqiieoirs  Solution 

A.  llonnaiiii.  G.  Manivaiuum,  R.  Fagui",  M.  Sigtiian",  aiul  J-  Wiiz 

liisliUil  fiir  Piiysikalisdic  Chcmic  licr  Univcisitiil 
Kliiigclbcrgstiassc  80,  CH-4056  Basel,  Swilxeiiaiid 


Bcii/.ciioul  aiuiiiatic  coMiiuniiKls  aic  iiiipuilaiil  iiiaii-iiuKic  polliiUiiils  ul'  luituial 
vvalcrs.  Due  lo  llieir  low  .soiubililics,  little  is  known  about  the  efficiency  and 
palliways  of  pholocheinical  degradation.  Wc  chose  anthiacene  1  as  a  icprcscn- 
tativc  compound  for  an  exploratory  study.  Flash  pliotolysis  of  anthracene  gives 
the  radical  cation  !•*  by  a  bipholonic  process,  as  has  been  observed  also  for 
naphthalene.*  The  radical  cation  reacts  with  water  or  hydroxide  ions  to 
give  the  alcohol  radical  2  which  then  either  reacts  with  oxygen  to  yield 
anthraquinonc  4  as  a  major  final  product  or  (in  deoxygenated  solutions) 
dimerizes  to  give  5.  When  a  continuous  light  source  is  used,  bipholonic 
|)roccsscs  can  be  neglected.  Nevertheless  still  the  same  products  arc  found. 
Various  lines  of  evidence  suggest  that  adventitious  impurities  play  a  role  in  this 
tcaction;  the  quantum  yield  for  the  decay  of  anthracene  is  approximately 
tenfold  in  degassed  solutions  (<I>254  =  0.012)  compared  to  aerated  solutions 
(d)254  =  0.001)  while  tlic  quantum  yield  of  fluorescence  is  almost  the  same. 


'  S.  Slccnkcii,  C.J.-  Waricn,  B.C.  Gilbcii,  J.  Clicm.  Sue.  Perkin  Trans.,  2  ,  ,335  (1990) 
**  University  orTennessc,  Knoxville,  and  Oaktidge  National  Laboratory 
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LAI30KAT0KY  STUDtIiS  OF  T1  III  MliCI  lANISM 
OF  TME  OXYGEN  AIRGLOW 

I.  A.  Sicatlinan  and  U.  A.  Tliriish 
Dopnrlmcnl  of  Cheinislry,  Universily  of  Cambridge,  England 

Laboratory  studies  of  the  oxygen  airglow  offer  the  advantage  that  lltey  can 
cover  a  more  controlled  range  of  experimental  conditions  than  atmospheric 
measurements.  In  our  experiments  we  have  studied  the  effect  of  added 
quenching  agents  on  emission  by  0(^S),  OafA^^I  a'^^  u,  and  c^2^  u)  associated 
with  the  recombination  of  oxygen  atoms  in  an  argon  or  nitrogen  carrier.  The 
results  of  these  experiments  cannot  be  explained  by  the  Chapman  mechanism, 
and  provide  evidence  as  to  the  nature  of  the  precursor  Oj'  in  the  Darth 
mechanism. 


O  +  O  +  M  =  02* +  M 
Oa'  +  OPF)  =  02  +  0(lS) 

The  requirement  in  this  mechanism  that  an  added  queitching  agent  must 
qucn''h  auroral  green  line  emission  more  strongly  than  emission  by  the 
precursor  shows  that  02(A^^  u)  in  vibralioital  levels  0  to  6  and  02(c^^  u)  cannot 
be  the  Earth  precursor.  Present  evidence  therefore  favours  the  02(A’^Au)  state  as 
the  precursor.  Quantitative  data  on  these  processes  will  be  described  in  the  paper. 
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THE  PflOTOCATALltSED  REDUCTION  OF  THREE  OXOANIONS 

Mounlr  A.,  Malatl, 

Mid-Kent  College  of  Higher  and  Further  Education,  Chatham  (U.K.) 

The  pollutant  dlchromate  Ions  were  photocatalytlcally  reduced  In 

dll. sulphuric  acid.  Their  concentration  was  determined 

spectrophotometlcally  at  350  nm.  Preliminary  results  showed  the 

catalytic  effect  of  the  anatase  pigment  P25  and  Ventron  SrTlo-. 

{ 1 ) 

Photoplatlnlsatlon  of  either  powder  enhanced  their  catalytic 

effect.  The  effect  of  platlnlsatlon  on  the  reflectance  spectra  Is 

reported.  Ventron  M0S2  produced  fast  photoreduction,  presumably 

augmented  by  reduction  by  HgS,  presumably  released  during  the 

reaction.  Prepared  tltanla  samples  from  TlCl^  or  TlCl^,  undoped 

or  doped  with  Cr^'*'  or  Cr^^/Mn*''^  and  subjected  to  reductive  heat 

treatment  were  also  used,  after  being  characterised  by  their 
(2) 

reflectance  spectra  ,  Results  using  four  different  lamps 

will  be  presented.  The  rates  of  reduction  are  slower  than  the 

reduction  of  permanganate  solution  catalysed  by  several 

semiconducting  powders,  when  no  correlation  was  established 

(3) 

between  their  catalytic  activity  and  their  band  gap. 

On  the  other  hand,  the  rate  of  reduction  of  aqueous  Na^CO^  was 
slower  than  either  of  the  above  reductions.  Doped  or  heat 
treated  samples  were  less  active  than  the  undoped  samples.  The 
yield  of  reduction  products  was.  methanol  >  carbon  > 
formaldehyde  with  variable  small  amounts  of  formate.*'^  This 
sequence  Is  tentatively  explained,  as  well  as  the  relative  ease 
of  reduction  of  the  three  anions. 

(1)  M.W.  Rophael  and  M.A.  Malatl,  J,  PlioLochcin.  Phot.oblol, 

AA6,  1909,367. 

(2)  W.K.  Wong  and  M.A.  Malatl,  Solar  Energy,  36,  1986,  160. 

(3)  R.J,  Cobb  and  M.A.  Malatl,  React.  Klnet.  Catal.  Lett.,  21, 
1982,  397. 


V-11 


SPIN-TRAPPING  STUDIES  OP 
n  IE  PI  lOTOCATALrnC  DEGRADATION  OF  ACETIC 
AND  CIILOROACETIC  ACIDS  IN  AQUEOUS 
POLYCRYSTALLINE  Ti02  DISPERSIONS 

A.  Chcmscddinc*  and  II.  P.,  Boehm** 

*  Ilahn-Mcitncr  Iiislitul.;  Ablcilung  Photochcmic 
Glicnickcr  Str.  100,  D-  1000  Berlin  39.  F.R.G 

♦*  Institut  fiir  Anorganischc  Chemic  dcr  Univcrstiil  Miinehen, 
Meiserstrasse  I,  D-  8000  Munich  2  F.R.G 


The  pholocalalylic  degradalion  of  acetic  and  chloroacetic  acids 
CIxCIl3.xCOOII  (  X  =  0-3  )  arc  studied  by  the  spin  trapping  technique.  The 
intermediate  radicals  were  trapped  by  three  spin  traps,  5,5-dlmcthyI-I- 
pyrroline  N-oxidc  (DMPO),  N-  tcrt-butyl-o<  phenyinilrone  (PBN)  and  o<- 

(1 -oxo-4pyridyI)-N-tcrl-butyInilronc  (POBN).  llypcrfinc  splitting 
constants  were  measured  for  several  resultant  radical  adducts  and 
compared  with  the  literature  values..  The  acids  with  cx- hydrogen  gave 

high  concentrations  of  spin  adducts.  The  values  of  the  splitting  constants 
obtained  and  the  absence  of  detectable  radicals  in  the  case  of 
trichloroacetic  acid  arc  in  agreement  with  our  previous  kinetic  studyCU- 
The  attack  at  the  cx-Cll  position  with  hydrogen  abstraction  is  the  major 

contribution  to  the  catalyzed  photochemical  degradation  of  acetic  and 
chloroacetic  acids.  The  pholo-KoIbc-rcaction  proposed  by  Kriiutler  and 
Bard  is  of  secondary  importance  (2).  Based  on  the  kincticc  study  and  the 
spin  trapping  result.s,  the  decomposition  of  organic  molecules  in  an 
irradiated  aqueous  Ti02  dispersion  is  discussed. 


(1)  A.,  Chcmscddinc,  II.P.  Boehm.  J.  Mol.  Catal,  60  (1990)  295-311 

(2)  B.;  Kriiutler  and  A.  J.:  Bard,  J.  Am.  Chem.  Soc.,  100  (1978)  5985 
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llEACTIONS  DE  COMPOSES  HALOGENO-CARDONytES 
D'INTERET  Aa’MOSPHERIQUE 


C.Oalestra-Garcia,  D.Scollard*,  G.Le  Dras,  G.Poulet,  H.Mac  Leod 


Laboratoire  de  Combustion  et  Syst&mes  Rdactifs 
C.N.R.S.  -  45071  Orleans  Cedex  2  -  FRANCE 

*  University  College,  Dublin,  IRLANDE. 


Les  composes  halogdno-carbonylds  sont  des  intermddiaires 
importants  dans  le  processus  d'oxydation  atnosph^rique  des 
alcanes  halog4n4s,  largement  utilises  dans  I'industrie.  Comme 
ces  composes  peuvent  transporter  des  atomes  d'  halogfene  dans  la 
stratosphere,  il  est  ndcessaire  de  determiner  leur  durde  de  vie 
atmosphdrigue  gui  est  directement  lide  aux  constantes  de 
Vitesse  de  leur  reaction  avec  los  radicaux  OH  de  la 
troposphere . 


Les  constantes  de  vitesse  des  reactions  de  OH  avec  une 
serie  d' acetaldehydes  halog6no-substitues,  CX3CHO,  ont  6t6 
mesurees  en  utilisant  la  technique  de  photolyse  laser- 
fluorescence  resonante. 


Les  rdsultats  sont,  k  298 

OH  +  CH3CHO 
OH  +  CHjClCHO 
OH  +  CHCljCHO 
OH  +  CCI3CHO 
OH  +  CFjClCHO 
OH  +  CF3CHO 


K,  en  10~^2  qi„3  moiecule'^s"^  : 

17  ±  1 
3.0  ±  0.1 
2.4  ±  0.1 
0.06  ±  0.02 
0.95  ±  0.04 
0.62  ±  0.02 


Certaines  de  ces  donndes  constituent  des  premieres 
determinations  absolues.  Les  mecanismes  ainsi  que  les 
implications  atmospheriques  seront  discutees. 
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REACTIONS  OF  CARBONYL  HALIDES  OF  ATMOSPHERIC  INTEREST 


C.Balestra-Garcia,  D.Scollard*,  G.Le  Bras,  G.Poulet,  H.Hac  Leod 


Laboratoire  de  Cooibustion  et  Systfenes  Rdactifs 
C.N.R.S.,  45071  Orleans  Cedex  2,  PRANCE 

*  University  College,  Dublin,  IRELAND. 


Carbonyl  halides  are  important  intermediates  in  the 
atmospheric  oxidation  process  of  halogenated  alkanes,  widely 
used  in  industry.  Since  these  compounds  are  potential  carriers 
of  halogen  to  the  stratosphere,  it  is  necessary  to  determine 
their  atmospheric  lifetime  which  is  directly  linked  to  their 
rate  constants  of  reaction  with  tropospheric  OH  radicals. 


The  rate  constants  for  the  reactions  of  OH  with  a  series 
of  halogen  substituted  acetaldehydes,  CX3CHO,  have  been 
measured  using  the  laser  photolysis-resonance  fluorescence 
tecnnique. 


The  results  are,  at  298  K, 

OH  +  CH3CHO 
OH  +  CHjClCHO 
OH  +  CHCI2CHO 
OH  +  CCI3CHO 
OH  +  CFjClCHO 
OH  +  CF3CIIO 


in  lO"'^^  cm^  molecule" ^s“^  : 

17  ±  1 
3.0  ±  0.1 
2.4  ±  0.1 
0.86  ±  0.02 
0.95  ±  0.04 
0.62  ±  0.02 


Some  of  these  data  are  the  first  absolute  measurements. 
Mechanistic  information  as  well  as  atmospheric  implications 
will  be  discussed. 
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THE  PARAMETERS  AFFECTING  THE  REDUCTION  OF  AQUEOUS  CARBONATE 
PHOTOCATALYSEO  BY  TREATED  SEMICONDUCTORS 

Hagdy  W.  Rophael  and  Laila  6.  Khalil 
The  National  Research  Centre,  Dokki,  Giza,  Egypt. 


Heterogeneous  photocatalysed  reduction  of  aqueous  Na2C03  solution 
(IM)  was  achieved  using  phthalocyanine-coated  semiconductor  powders 
(1-31!  coatings)  as  well  as  bare  semiconductors.  The  suspensions  were 

Irradiated  with  254  nm  light  from  a  low-pressure  mercury  lamp.  The  coated 
phthalocyanine  dyes  (either  Fe2'*'-Pc  or  Co^^-Pc)  were  found  to  absorb 
>  BOX  of  the  254  nm  radiation  and  thus  sensitize  the  semiconductor. 
The  products  of  reduction  were  determined  spectrophotometrically.  The 

CH3OH  yields  from  coated-titania  increased  linearly  with  Increasing 
irradiation  time  over  the  period  (6-18  h)  but  the  line  did  not  pass 

through  the  origin,  indicating  a  slowing  down  at  times  >  6  h.  Both  coated- 
titania  pigments  gave  an  optimum  CH3OH  yield  at  2X  surface  coating. 

At  higher  coatings,  the  Pc  may  be  screening  the  surface,  reducing  the 
light  reaching  the  semiconductor.  Much  higher  yield  of  CH3OH  obtained 
when  bare  M0S2  was  used  as  a  photocatalyst,  ascribed  to  the  characteristic 
behaviour  of  the  semiconducting  layer-type  disulphide  distinguished 
from  that  of  classical  semiconducting  materials.  It  seems  that  there 
is  no  correlation  between  the  position  of  the  conduction  band  of  the 
various  semiconductors  studied  and  the  yield  of  CH3OH,  such  correlation 
has  been  argued.  However,  a  decrease  in  the  yield  of  CH3OH  was  observed 
when  the  band  gap  width  of  the  semiconductor  Increased.  The  yields  of 
CII3OII  photoproduced  nearly  Increased  with  the  percentage  of  light  absorbed 
at  254  nm  by  the  various  semiconductors.  Irradiation  leads  to  the 
production  of  electrons  in  the  conduction  band  of  the  semiconductor. 
It  Is  likely  that  the  photoproduced  electrons  reduce  CO3  Ions  initially 
to  HCOO"  and  then  to  HCIIO  and  CH3OH.  Other  parameters  likely  to  affect 
the  photocatalysed  reduction  (solid  :  solution,  pH  and  [Na2C03])  are 
being  studied.  The  photocatalysed  reduction  of  CO2  (or  CO3  )  Is  of 
particular  Interest  In  view  of  the  undesirable  accumulation  of  CO2  in 
the  atmosphere  which  leads  to  the  so  called  "greenhouse"  effect. 
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PlIO'lOCA'l'ALY'riC  DKGRADATION  OK  SURl'ACTAN'l'S  KOK 

ENVlUONMEN'l'AL  CONCERN  IN  AQUEOUS  SYSTEM 

l  i  J  ,  5 

llisilo  Htdakti.  Jincai  Zhao,  Mick  Scrpoiic,  oiid  Ezio  I’eiizzctLi 

‘Mcisei  University,  Dept.  o£  Cticm.,  Ilino,  Tokyo  191,  Jaiian 
1 

Concordln  University,  De^Jt.  of  Ctieni.,  Montreal,  Canada 
^Uuiversita  di  Torino,  Dept.  Chiin.  Anal.,  Torino,  Italy 

A(|uatic  pollution  caused  liy  hariiiiul  material!)  is  bccomiiig  a  serious 
problem  la  a  i<robal  scale.  Sitice  a  lot  oi  titese  chemicals  arc  difficult  to 
biodegrade  through  bacteria,  they  arc  accumulated  without  decoposition  in 
nature  for  long  petiod.  We  have  extensively  reported  on  tlic  photodcgroda- 
tlon  of  many  kinds  of  surfactants  catalyzed  by  TiOi  semiconductor  *  . 
The  photocntalytlc  degrndotion  will  be  one  of  the  prospective  metliods  for 
aquatic  environmental  j)rotection. 

Various  kinds  of  surfactants  were  photodegraded  cataly tically  by  TiO^ 
semiconductor  under  botli  UV  illuininntion  by  a  ilg-lamp  and  solar  exposure 
outdoors.  TiOj  dispersion  system,  glass  beads  loaded  with  TiO, ,  and  a  glass 
electrode  plate  (SaOj)  currying  a  TiOj  membrane  were  investigated,  Degroda- 
tion  process  has  been  monitored  tlirough  aromatic  cleavage  (UV  obsorption), 
NMR,  COj  evolution,  intermediate  forinution  of  peroxides  and  aldehydes,  pll 
changes,  zeta-potential  of  TIO,  particles  in  the  dispersion  and  surface 
activity  muasurements.  Tiic  spin-triipping  ESR  spectra  confirm  the  porticipa- 
tion  of  *011  radicals  in  the  phoiodegradation.  Surfactants  can  be  eusily 
degraded  to  mineralize  to  COj  ot  about  20 'uSOZ  yield.  The  poorly  biodegra¬ 
dable  aroi{iatic  moict;  is  a  "target"  for  photodcgratlution.  The  TiOj /surfac¬ 
tant  dispersion  rapidly  became  acidic  and  the  zeta-potential  of  TiOj  porti- 
cles  shift  to  positive  under  UV  illumination.  Tlie  photodegradation  rates 
decrease  in  the  order  of  anionic  DUS  >  nonionic  NPE  >  cationic  UDDAC. 

Doth  TiOj  catalyst  and  UV  irradiation  are  essential  for  tlic  degradation  of 
surfactants.  A  possible  mcchanislm  of  photoilcgraduCion  of  surfactants  at 
TiOj/  water  interlace  will  be  discussed,. 

Reference 

1.  it.  Ilidnka,  II.  Kubota,  M.  Gratzel,  N.  Serpone,  anil  E.  Pelizzcttl, 

Nouv.  J,  Chciii.,  9,  69  (19d5). 

2.  II.  Illdaka,  K.  Iharu,  Y.  Kujitn,  S.  Yarnadn,  E.  Pelizzettl,  and 
N.  Serpone,  J.  Phutochem.  Photobiol.  A:  Chum.,  A2,  3/3  (19Uti). 

3.  II.  Illdaka,  S.  Yamada,  S.  Suenagn,  J.  Zhao,  N,  Serpone,  and 
E.  Pellzzetti,  J.  Hoi,  Catal.,  59,  2/9  (199U). 
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TME  PHOTOCATALYZED  REMOVAL  OF  ORGANIC  CONTAMINANTS 
FROM  WATER 

I-hissnin  Al-Ekabi.  Tom  Bolton,  Gait  Edsvards,  Wendy  Holden  and  Joan  Story 

Nutech  Environmental  (formerly  Nulite),  a  div.  of  Niitech  Encr[,7  Systems,  Inc. 

511  McCormick  Blvd.,  London,  Ontario,  Canada  N5W  4C8 


Recently,  wc  have  demonstrated  that  the  TiOj  photocntalyzed  destruction  of 
organic  contaminants  in  water  liolds  considerable  promise  in  removing  organic 
contaminants  from  water  streams  '  \  Currently,  we  are  successfully  developing  a  strategy 
to  inhibit  the  "hole-electron"  recombination  proccs.s,  which  is  a  major  energy  wasting  step. 
This  strategy  is  based  on  adding  electron  acceptors  to  the  reaction.  These  additives 
should  fulfil  the  following  conditions:  (1)  readily  accept  electrons  either  directly  from  the 
conduction  band  or  from  the  superoxide  ion,  (2)  rapidly  dissociate  into  harmless  products 
and  (3)  if  po.ssible  produce  additional  hydroxyl  radicals  and/or  other  powerful  oxidizing 
species.  We  have  examined  the  effects  of  four  additives:  hydrogen  peroxide,  potassium 
peroxymonosulphate,  ammonium  persulphate  and  potassium  bromate  on  the  degradation 
of  organic  mixtures  and  have  found  the  results  very  promising.  For  instance,  depending 
on  the  individual  additive,  the  degradation  rates  of  mixtures  of  o-chlorophenol,  2,4- 
dichlorophenol,  2,6-dichlorophenol  and  2,4,6-trichlorophenol  (10  •  40  ppm,  each)  are 
increased  by  at  least  a  factor  of  10  when  any  of  these  additives  are  introduced  into  the 
reactor.  Similar  results  were  obtained  when  other  organic  mixtures  were  examined  in  the 
presence  of  these  additives.  With  these  results,  the  commercialization  potential  of  this 
process  into  a  water  treatment  technology  becomes  evident.  Results  of  our  research  will 
be  presented  and  critically  discussed. 

1)  H.  Al-Ekabi,  A.  Safarzadeh-Amiri,  W.  Sifton  and  J.  Story,  Inleninlioiial  /.  of 
F.nvironmcnl  and  Polittlion,  1991  in  pre.ss. 

2)  II.  Al-Ekabi,  G.  Edwards,  W.  Holden,  A.  Safarzadeh-Amiri  and  J.  Story  in 
Chemical  Oxidation:  Technology  for  the  Nineties,  (Eds.  J.,  Roth  and  A.R.  Bowers), 
Technomic  Publishing  Co.  Inc.,  1991  in  press. 

3)  II.  Al-Ekabi,  A.  Safarzadeh-Amiri,  W.  Holden  and  J.  Story,  Water  Foliation 
Research  Jonnail  of  Canada,  submitted. 
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Kinetics  of  t)»o  reactions  of  CX3{X=F,C1)  with  O2 
in  the  pressure  range  0.6-0  Torr  at  205  K 

N.Washida  and  K. Yamamoto 

The  National  Institute  for  Environmental  Studies 
Tsukuba,  Ibaraki,  305,  Japan 


The  association  of  chlorof luoromethyl  radicals  CX3( 
X=F,Cl)  with  molecular  oxygen  is  one  of  tlie  important  steps 
in  the  oxidation  process  of  chlorof luoromethanes  in  the 
stratosphere. 


CXn 


M 


CX3O2 


M 


(1) 


In  this  study  the  rate  constants  of  reaction  (1)  have  been 
determined  for  CF2CI,  CFCI21  and  CCI3  by  using  laser  flashpho- 
tolysls-photolonization  mass  spectrometry  with  N2  as  the  batli 
gas. 

Figure  1  shows  total  pressure  dependence  of  the  rate 
constants  kj.  The  reactions  are  in  their  fall-off  region, 
which  is  consistent  with  the  results  obtained  for  CFCI2  and 
CCI3  in  Ue^'^.  The  order  of  is  CFjCl’  >  CFClj  >  0013.  The 
rate  constants  for  CCI3  are  rather  small,  one  tenth  of  those 
for  CF2CI.  These  values  are  compared  with  corresponding 
values  found  earlier  for  CF3  radical®,  which  are  the  largest 
among  them  (see  Fig.  1).  The 
correlation  between  rate  constants 
within  the  series  of  reactions  of 
O2  with  alkyl  radicals  and  the 
ionization  potential  of  the 
radicals  is  not  seen  in  chlorof luore-  3 
methyl  radicals.  ^ 


References 

1  F.  Caralp,  and  R.  Lesclaux, 
Chem.Phys.Lett, .102(1983)54. 

2  K.R.  Ryan,  and  I.C.  Plumb, 
J.Phys.Chem. .86(1984)4678. 

3  F. Caralp,  R.  Lesclaux, 

and  A.M.  Dognon.Chem, Phys .Lett. , 
120  (1986)433. 
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PI  lOTOISOMnRlZATION  OP  STILBGNE  AND  AZOBENZENE  DERIVATIVES 

IN  POLYMER  FILMS  :  INPLUENCE  ON  SECOND  HARMONIC  GENERATION. 

Jacques  DELAIRE  and  Rnfika  LOUCIF-SAIBI 

Laboratoire  dc  Physico-chimic  dcs  Rayonncmcnis,  URA  75,  Univcrsild  de  Paris  Slid  91405 
ORSAY  (France)  and  ENS  Cachan  ,  61,  avenue  du  Prdsident  Wilson,  94230  CACHAN 
(France). 


Stilbenc  and  azobenzene-Iike  molecules  arc  well  known  for  two  completely  different 
properties: 

1.  In  photochemistry,  there  is  a  E-Z  photoisomcrization  reaction,  which  can  be  followed 
by  a  themtal  Z-E  back-reaction  in  the  case  of  azobenzene  and  azobcnzenc-likc  molecules. 

2.  In  non-linear  optics,  when  substituted  by  electron-donating  and  electron-attracting 
groups,  the  same  molecules  possess  high  non  linear  second-order  hyperpolarisability  (  P 
coefficient).  When  they  arc  arranged  in  a  non-centrosymctric  structure  (crystal  or  doped 
polymer  film  oriented  under  an  electric  field),  this  non  linear  property  leads  to  the  generation  of 
the  second  hannonics  ( SMG  )  of  a  laser  frequency. 

Tlic  objective  of  our  work  is  to  connect  these  two  properties,  i.e.  to  measure  the  change 
in  p  during  and  after  photoisomerization  of  the  molecules  by  a  UV  beam .  In  order  to  do  that, 
we  describe  an  experimental  set-up  which  allows  SHG  of  the  fundamental  of  a  Nd-YAG  laser 
by  a  polymer  film  and  on  the  same  time  UV  irradiation  by  either  a  continuous  beam  of  UV 
light  ( xenon  arc )  or  a  UV  laser  flash  ( third  hamionics  of  the  same  Nd-YAG  laser ).  SIIG  is 
generated  in  polymer  films  doped  with  the  active  molecules  (N,N-dimdthyl  amino  nitro 
stilbenc  DANS  or  N  -hydroxyethyl  N-cthyl  amino  nitro  azobenzene  Disperse  Red  1)  and 
oriented  under  an  applied  electric  field  of  1  MV/cm.  SIIG  intensity  is  measured  and  related  to 
the  second  order  susceptibility  of  the  sample,  which  is  proportionnal  to  N<  P  >  ,  where  N  is 
the  number  of  chromophores  per  unit  volume  and  <  p  >  is  the  mean  second-order 
hypcrpolariztibility  taking  all  orientations  into  account. 

llte  Z  forms  of  the  above  molecules  arc  shown  to  have  a  lower  P  value,  thus  the  SIIG 
intensity  is  lowered  after  E->Z  photoi.somcrization.  Ba.scd  on  this  change,  a  pump-probe 
Icchnitiuc  can  be  applied  to  monitor  the  fast  kinetics  of  the  reaction  on  a  picosecond  time  scale: 
the  pump  signal  is  the  third  harmonics  of  the  Nd-YAG  la.scr  (353  nm)  and  the  probe  signal  is 
the  second  hannonics  generated  by  our  sample  from  the  fundamental  (1060  nm).  The  first 
'  ansient  studies  will  be  described  and  discussed. 


NEW  ADVENT  IN  F-'IIOTOCIIEMISTUY ;  ATOMIC  FORCE  MICROSCOPY 


Gerd  Kaupp 

University  of  Oldenburg,  Org.  Chemie  I,  0-2900  Oldenburg 

Solid  state  photolysis  is  a  major  part  in  preparative 
organic  phoLocliemisLry .  In  many  cases  topocheinical  criteria 
apply,  but  there  are  important  exceptions  which  require  an 
advancement  of  the  theory. 

While  crystallographic  data  are  numerous ■  and  polar  ef¬ 
fects  are  highly  predictive,  the  problem  of  new  solid  phase 
formation  has  not  been  solved  to  a  considerable  extent  yet. 
With  the  very  recent  availability  of  atomic  force  microscopy 
(AFM)  solid  state  reactions  may  be  studied  by  looking  at  the 
crystal  surfaces  during  irradiation.  The  prospects  of  such 
studies  will  be  discussed  in  terms  of  perspective  computer 
drawings. 

Our  colour  slides  show,  that  unexpectedly  there  are 
enormous  material  transport  phenomena  on  the  surfaces  which 
are  usually  depending  on  the  chosen  face  of  the  crystal,  in 
many  cases.  The  transport  may  be  random,  or  proceeding  zon- 
ally  across  the  surface.  The  roughness  of  the  surface  may  be 
increased  or  smoothened.  It  will  be  shown,  how  these  obser¬ 
vations  relate  to  the  type  of  the  abovementioned  topocheroical 
criteria  and  it  will  be  essential  to  develop  novel  theories 
for  the  process  of  new  solid  phase  formation.  These  theories 
must,  at  present,  rely  solely  on  our  unprecedented  observa¬ 
tions,  in  the  absense  of  any  further  methods  of  investigation 

We  will  deal  with  oc  -  and  0-trans-cinnamic  acid,  with 
selected  benzylidene  derivatives,  styrenes,  stilbenes,  an¬ 
thracenes  as  well  as  with  unprecedented  gas/solid-photo¬ 
reactions  . 

It  will  become  apparent,  that  AFM  will  be  of  similar  im¬ 
portance  for  predictive  purposes  in  organic  solid  state  pho¬ 
tochemistry  as  is  X-ray  analyses  by  now  and  that  AFM  is  the 
tool  for  the  attack  of  the  problem  of  new-phase  formations. 
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LASER  SPECTROSCOPY  AND  ABLATION  OF  AN  OPTICALLY-TRAPPED 

MICROCAPSULE 


Hiroaki  Misawa,  Kciji  Sasaki,  Masanori  Koshioka 
and  Hiroshi  Masuhara? 


MicrophoLoconvcrsion  Project,  ERATO  Program,  15  Morimoto-cho, 
Sliimogamo,  Sakyo-ku,  Kyoto  GOG  (Japan) 


We  have  demonstrated  that  laser  trapping-spectroscopy-ablation 
technique  is  a  potential  means  for  manipulation,  spectroscopic  characteriza¬ 
tion,  and  microfabrication  of  small  particles  in  Brownian  motion^).  The  work 
is  now  extended  to  laser  spectroscopy-ablation  of  an  individual  microcapsule. 

A  single  melamine-resin  microcapsulc  containing  pyrene  (-1  x  lO*^  M) 
in  toluene  was  shown  to  be  manipulated  threc-dimcnsionally  by  a  focused  (~1 
pm)  laser  beam  from  a  CW  Nd:YAG  laser  (1064  nm,  ~70  rnW)  under  an 
optical  microscope.  Fluorescence  spectroscopy  of  an  optically-trapped 
microcapsule  dispersed  in  water  can  be  also  attained  by  introducing  an 
excitation  laser  pulse  (355  nm,  -7  ns,  0.39  J/pulse/cm^)  into  the  sample 
solution.  The  pyrene  excimer  formation  dynamics  in  each  capsule  was  well 
explained  based  on  Birks  kinetic  model  while  the  decay  and  risc/dccay  profiles 
of  the  monomer  and  excimer  fluorescence,  respectively,  were  different  with 
the  capsules  due  to  concentration  distributions  of  pyrene  between  the 
capsules,. 

At  the  pulsed  laser  energy  above  40  J/pulse/cm^,  laser  ablation  of  an 
optically-trapped  microcapsule  was  observed,  os  proved  by  ejection  of  small 
pyrene/toluene  droplets  from  the  capsule  into  the  bulk  water  phase.  The 
pyrcnc/loluenc  droplets  ejected  from  the  capsule  upon  ablation  was  also  freely 
manipulated  by  the  10G4  im  laser  beam.  Characteristic  features  of  laser 
trapping-spectroscopy-ablation  of  an  individual  microcapsulc  will  be 
discussed  in  detail. 

Reference 

(1)  H.  Misawa,  K.  Sasaki,  M.  Koshioka,  N.  Kitamura,  II.  Masuhara,  Chem. 

Ixjtt.  1479(1990). 

5  Permanent  address;.  Department  of  Applied  Physics,  Osaka  University, 
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FLUOJUiSCENCE  DYNAMIC  ANISOTIIOPY  OE  AN  Ol’TJCALlvY-TUAJ’I’ED 

MICUOPAllTICLE 

Kciji  Sasaki,  Musunori  Koshioku,  Hiruaki  Misawa,  Noboru  ICilainura 
and  Hiroshi  MasuharaS 

Micropholoconvcrsion  Project,  EKATO  Program,  15  MoiiinoLo-clio, 
Sliiinoi'aino,  Sakyo-ku,  Kyoto  GOG  (ilapan) 


We  recently  developed  pni~subpm  space-  and  ps  tiine-resolvcd 
iluorescencc  spectroscopy  based  on  a  confocal  laser  scanning  microscope  and 
ps  time-correlated  single  photon  counting  technique^ The  system  was 
combined  with  laser  trapping  technique  to  study  photochemical  and 
photopliysical  dynamics  in  individual  microparticles  in  Brownian  niotion^^\ 
In  order  to  study  further  the  dynamic  processes  occurring  in  small  volumes, 
we  developed  a  new  method  for  analyzing  fluorescence  anisotropy  under  a 
microscope. 

The  conventional  motiiod  is  not  applicable  to  anisotropy  measurements 
under  a  microscope,  since  the  excitation  laser  light  is  not  a  plane  wave  and 
fluorescence  from  a  sample  is  collected  in  a  large  solid  angle.  We  therefore 
derived  a  practical  theory  based  on  a  vectorial  point  spread  function  for 
microscope  system.  The  system  parameters,  which  are  used  for  calculating 
precise  anisotropy  decays,  as  well  as  rotational  relaxation  time  and  initial 
anisotropy  were  evaluated  theoretically  and  experimentally.  The  method  was 
applied  to  determine  the  rotational  relaxation  time  of  a  dye  in  an  optically- 
trapped  microparticle  and,  therefore,  to  estimate  the  local  viscosity  in  the 
particle. 

References 

(1)  K.  Sasald  et  al.,  Appl.  Spectroscopy,  (1990)  in  press. 

(2)  H.  Misawa  ct  al..  Dynamics  in  Small  Confining  Systems,  MRS  Fall 
Meeting,  1990,  Boston,  Extended  Abstrach  p.l41. 
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OPTICAL  MANIPULATION  AND  PHOTOCHEMICAL  FIXATION  OF 
POLYMER  LATEX  PARTICLES 

Hiroaki  Misawa.  Kciji  Sasaki,  Masanori  Koshioka,  Noboru  ICitamura 
and  Hiroshi  MasuharaS 

Microphotoconvcrsion  Project,  ERATO  Program,  15  Morimoto-cho, 
Shimogamo,  Sakyo-ku,  Kyoto  606  (Japan) 


A  single  micrometer-order  particle  dispersed  in  solution  is  freely 
tweezered  by  a  focused  laser  beam.  Now  we  report  a  new  technique  of 
simultaneous  laser  trapping  of  plural  small  particles  along  any  geometrical 
pattern  in  solution. 

Figure  1  shows  spatially-patterned  laser  trapping  of  polystyrene  (1  pm) 
latex  particles  in  water.  Upon  irradiation  of  a  1064  nm  laser  beam,  latex 
particles  were  trapped  in  the  high  laser  intensity  regions  of  the  interference 
pattern.  When  the  trapping  laser  beam  (focused  -1  pm)  is  repetitionary 
scanned  along  a  geometrical  pattern,  the  particles  are  aligned  along  the 
pattern  as  typically  shown  in  Fig.  2.  Depending  on  the  repetition  rate  of  the 
laser  beam,  furthermore,  control  flow  of  the  particles  (i.e.,  clockwise, 
counterclockwise,  directional  flow,  etc)  was  attained.  Fixation  of  the  spatial 
pattern  was  also  successful  by  in  situ  photopolymerization  of  the  sample 
solution. 


Figure  1  Figure  2 


5  ]V-mrincnt  address:  Deiiartment  of  Applied  Physics,  Osaka  University, 
Suita,  565  (Japan) 
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METAL-LOADED  TiOa  PHOTOCATALYZED  REDUCTION 
OF  CO2  TO  HYDROCARBONES 

Osamu  Ishitani,  Takashi  Ibusuki 

National  Research  Institute  for  Pollution  and  Resources 
16-3  Onogawa,  Tsukuba  Ibaraki  305,  (Japan) 

TiOz-photocatalytic  reduction  of  CO2  with  water  have  been  investigated  by  using 
a  gas-circulation-type  irradiation  apparatus. 

TiOz  or  M-TiOz  (150  mg)  dispersed  in  1.5  ml  water  was  introduced  into  a  quartz 
cell.  After  three  freeze-pump-fusion  cycles,  650  Torr  CO2  was  admitted  into  the  cell 
and  the  solution  was  irradiated  at  >310  nm  with  circulation  of  CO2  by  a  glass 
pump. 

By  using  TiOz  as  photocatalyst,  methane  was  produced  as  main  product  (Figure) 
with  ethane,  while  little  amounts  of  formic  acid,  formaldehyde,  and  methanol  were 
detected  after  5h  irradiation.  Pd  and  Rh  deposition  onto  TiOz  accelerated  photo- 
catalyzed-methane  formation,  especially  Pd-TiOz  showed  more  than  ten  times 
higher  activity  than  TiOz.  However  deposition  of  Ru  or  Pt  did  not  enhance  methane 
formation.  Alter  5h  irradiation,  acetic  acid  was  detected  only  for  Rh-TiOz  and  Ru- 
TiOz  as  photocatalyst  but  little  amounts  of  formic  acid,  formaldehyde,  and  methanol 
were  detected  by  using  any  M-TiOz. 


Irradiation  Tim#  I  h 

I'lBiirc  KfTccIs  or  l(i««lt<l  nicinli  on  llic  furniullon  iit  Cll^ 
liy  llic 'nO^.|itiuliicalulyzc(l  reduction  ut  CO^ 
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NaOIl-ETCllING  ADVANTAGE  OE  n-Si  PlIOTOANODES 

Guozlicng  Al,Shixun  Wang^lluoixiang  and  Nikola  Getoff 

Dept.  Chenu,  Shandong  University , Jinan (China) 

**  Institut  filr  Thoorotische  Chemio  und  Strali- 
Icnchemie  der  Universitiit  Wien  (Austria) 

Pliotoelectrochemical  cells (PECs) , composed  of  different  epi¬ 
taxial  n-Si  pliotoanodes  coated  with  evaporated  metal  film  of  Ni 
Pt,Ni/Pt  and  immersed  in  solution  with  redox  couple  Br2/Dr“  or 
Fe(CN)^~'^^~  were  investigated.  The  effect  of  Pt/Ni  or  Ni/Pt  dual 
film  annealed  at  450* C  on  the  surface  of  n/n‘*‘-Si  and  p/n'^-Si  is 
of  advantage,  leading  to  an  increase  of  the  open-circuit  photo¬ 
voltage  and  of  the  photoanodes  stability ./I/  A  much  lilgher  con¬ 
version  efficiency  of  optical  to  electrical  energy  could  be 
achieved  if  the  p/n''’-Si  wafer  with  (111)  orientation  is  etc)-»cd 
in  aqueous  48%  IlF  solution  for  10  min.  In  the  case  of  n/n‘*‘-Si, 
the  efficiency  of  cell  composed  of  which,  is  lower,  and  may  be 
due  to  having  different  junction.  The  Vq^-  value  for  Pt/p/n'^-Si 
and  Pt/n/n’*'-Sl  photoanodes  are  essentially  independent  of  the 
electrolyte  redox  potential.  An  occurence  of  Fermi-level  pin¬ 
ning  at  surface  implies  that  surface  states  with  a  high  density 
still  exist  in  spite  of  surface  modifications.  In  order  to  im¬ 
prove  the  performance  parameters  of  PECs  above,  attempts  were 
made  to  modify  the  photoanode  surface  by  using  various  etching 
methods  more  recently. /2/  Some  interesting  results  has  been 
found.  The  v;afers  were  etched  in  concentrated  NaOlI  solution, in¬ 
stead  of  in  40%  IlF,  at  95*C  for  5-10  min.  Tlic  advantage  of  n-Si 
pliotoanodcs  by  liot-NaOll-etching  were  observed,  for  instance, 

-  Open  circuit  pliotovoltagcs  as  functions  of  potential  of  redox 
couples  for  various  electrolytes  are  sliown; 

-  The  efficiency  of  cell  composed  of  n/n'^-Si  is  also  enhanced. 

PEFEUENCES 

1)  S.  Wang,  G.Li,  II. Li  and  N. Getoff,  Z.  Nnturforscli .  45a,G95-710 
(1990) 

2)  II. Li,  S.Wang  and  G.Li,  Cliinesc  Chem. Letters 1 99 1 ) 
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I'UKHATION  AND  I'KOl’KItrtl-S  Ol-  UI.TKAIMNU  IKON  I’AK  I’lCI.H.S 
USING  A  TI:A  CUi  I.ASI-U 

Toisiiro  MAJIMA.  Tossyii  HIYAIIAKA*,  Koiclii  IIANKDA**,  anil  Hinliio  TAKAHI 

Tliu  Insl.lUiU!  of  I’liystcnl  anil  Gluiaiiiiil  l(osu:iri;li  (ItlKliN), 

Ilirnsnwa,  Unku-slii,  Sailnau  .'tfil-Ul,  J.i|>aii 
*l)tii  n  i  |•|••ln  Ink  A  Glinia  U:al  s  ,  Inc.  ,  Sakiii'n'sh  i ,  Clillia  2nri,  Japan 
*•1  alil  noaak  l-Sanslin  llnivorsiLy,  I  sli  i  iioaak  i -kIi  i ,  HiyaKi  U8G  ,  Japan 

Uq  liavQ  ruund  ihul  r-irun  iillrarinc  panicles  are  snlhcsir.ed  by  llio 
Sl'«-scns  i  1 1 /.cil  infrared  plioludocoaposi  lion  of  i-c(C0)s  willi  a  TliA  CO2 
laser.,"  y-iron  pciiarcd  is  found  lo  be  well  orRaniy.cd  spliorical  ullra- 
fino  pariiulcs  wiili  a  diaaoicr  (lOna  (G.6  lo  8.0nn,  7.  Cm  in  avcrage)i 
face-cenlorcd-cubic  siruelurc,  and  parmaKholic  al  '1.2-300K.  We  reporl 
foraalion  and  propcrlics  of  ullrafinc  iron  parlictcs  prepared  by  dccoapo- 
siliun  of  i'c(Cfl)e  by  an  Sl'e -phuloscns  i  li  7.C1I  neltiod  and  n  diclculric  break¬ 
down  aclliod  in  llic  absence  of  Sf'C  using  a  TliA  COt  laser  in  ihis  paper.  The 
proporlios  are  invcsiigalcd  by  iransaission  olcciron  aierography,  leapora- 
luro-dcpendoa l  X-ray  diffraciion,  leaperalurc-dopcndcni  saiuraiion  aagnei- 
ir.aiion,  and  Kossbauer  spociroscopy. 

iron  pariiccls  obiainod  arc  aixiurcs  of  T*iron,  a -iron,  and  iron 
oxides.  The  ralios  of  r  -  i  ron:  o -i  ron:  i  ron  oxidcs»  TdiHill  and  '15:'15;I0 
fur  ihe  Si's -pholoscns  i l i y.ed  wcihod  and  a  dicleulric  breakdown  aclhod,  rc- 
spoclivoiy..  Therefore,  ihe  Srs-pholoscnsi  lir.ed  aclhod  is  found  lo  he 
superior  wilh  respccl  10  synlhesis  of  ullrafinc  y-iron  parlielcs  in  high 
yield.  The  ralio  of  y-iron  lo  n-iron  changes  wilh  changing  ihc  irradin- 
lion  condi  lions  such  as  pressures  and  laser  fliionccs  in  Ihc  Sl’s-plioloscn- 
siiixcd  aclhod.  The  ralio  )ur>X  was  obiainod  under  Ihc  approprialc  condi- 
lioiis,.  Il  should  be  iiolcd  ll1.1i  I'cri  ullrafinc  panicles  ((iOiia)  are  ob- 
laiiicd  naiiily  al  high  pressure  of  Si's  and  high  laser  flucnce.^’ 

llall'shnpc  y-iron  panicles  have  S-Sna  diaaeicrs  coaposed  of  2-3na 
ccnicr  and  l-2iia  surface  layer.  y-iron  begins  lo  iransfer  inio  a -iron 
above  200'C  ,  and  nearly  iin.iii  I  i  la  I  ivoi  y  inlo  n-iroii  al  380-'100‘C.  Saiura¬ 
iion  aagiicli/.al  ion  of  y-iron  increases  below  <100  XI  ,  and  ilien  decreases  on 
healing  lo  fiUS  'C ..  Aflcr  y-iron  becoaes  lo  bo  paraaagnelic  al  around 
riilfiX;  ,  y-iron  changes  lo  bo  forroBagnclic  on  cooling  lo  rooa  leaperaiuro. 

1)T.  Ha.iiaa  el  al,  .1.  Aa.  Cliea.  Soc.  ,  III,  2dl7  (lilH!l). 

'MV  tl.inoii.i  cl  al.  11 V  pe  r  r  i  111*  1 11 1  erar  I  ions  ,,  fid  ,  Gfi  1  (lililO). 
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VISIBLE  LASER  LIGHTS  INDUCED  POLYMERIZATION  REACTIONS 

Jean-Pierre  Fouassier,  Shi-Kang  Wu,  Eliane  Chesneau 

LADOnATOine  DI:  PHOTOCHIMIE  GENEDALO,  UnACNnSn'’-)31,.  ENSCMu 
3  rue  AKfoil  Worttor,  60093  Mulhouso  Ccdex  France 


Tho  efiiciency  of  Ihioxanthones  and  kelocoumarins  as  photoinilialors  has 
been  checked  in  visible  laser  light  induced  polymerization  reactions,  and 
discussed  in  terms  of  excited  state  reactivity  (as  revealed  by  time  resolved  laser 
spectroscopy).  These  compounds  undergo  fast  electron  transfer  reactions  in  the 
presence  of  amines  and  onium  salts.  Transient  absorption  spectra  and  rate 
constants  of  the  processes  involved  have  been  determined.  The  combination 
photoinitiator  -  amine  •  onium  salt  appears  as  very  promising  for  the  design  of 
efficient  photosensitive  systems. 
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(1980) 
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NEW  SUPBRSTADLE  MOIiECULBS 
FOR  LIGHT-INDUCED  ELECTRON-TRANSFER 

Heinz  Diirr*,  Stetan  Bossmann,  Martin  Seiler,  Rudolf  Hayo  and 
Carolin  Kranz 

Univcrsitat  des  Saarlandes,  Fachbereich  11.2.  Organische  Chemie, 
Im  Stadtwald,  6600  Saarbriicken  (Germany) 

A  new  type  of  Ruthenium-Sensitizers ( on  the  basis  of  coronates 
was  synthesized. 


Photophysical  and  electrochemical  properties  were  investigated. 

The  coronates  show  extremely  high  photostability compared  to 
Ruthenium-tris (bipyridyl) . 

The  complexes  were  used  as  sensitizers  in  sacrificial  water 
reducting  systems. 

*  Author  to  whom  correspondence  should  be  addressed. 

(1)  I. Winner,  B.Willner,  Frontiers  in  Suoramolecular  Organic 
Chemistry  and  Photochemistry.  H.J. Schneider,  H. Diirr,  Verlag 
Chemie,  Weinheim,  1991. 

(2)  G. Allen,  R. White,  D.P.Rillemma,  T.J. Meyer,  J. Nagle, 
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OPTICAL  INFORMATION  PROCESSING  WITH  DACTERIORUODOPSIN  AND  ITS 
CENETTCALLV  MODIFIED  VARIANTS 

C.  Brauchle,  H.  Hampp 

Institut  £ur  Physikalische  Cheroie,  Universitat  Munchen, 
Sophienstrasse  11,  8000  Munchen  2 

Optical  data  processing  is  a  fast  expanding  area,  allowing 
massive  parallel  processing  on  the  basis  of  nonlinear  optical  and 
holographic  methods.  Photodynamical  systems  play  an  important 
part  as  promissing  materials.  It  will  be  shown  that  the  photocyc¬ 
le  of  the  biological  photochrorae  bacteriorhodopsin  (BR)  can  be 
used  advantageously  for  optical  data  processing  and  transient 
storage.  For  this  purpose  the  properties  of  BR  are  further 
optimized  by  genetic  engineering,  opening  a  new  way  in  material 
science.  Transient  holographic  techniques,  optical  phase 
conjugation,  dynamic  optical  filtering  and  optical  pattern 
recognition  will  be  demonstrated  with  DR  as  molecular  processing 
system. 
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TIME  RESOLVED  REFLECTIVITY  AS  A  PROBE  OF  THE  DYNAMICS 
OF  LASER  ABLATION  OF  ORGANIC  POLYMERS 
George  Paraakevopouloa .  Donald  L.  Singleton,  Robert  S.  Irwin, 

and  Rod  S.  Taylor 

National  Research  Council  of  Canada 
Ottawa  Ontario,  Canada  KlA  0R6 

The  interaction  of  KrF  excimer  laser  pulses  with 
polyimide,  poly (ethylene  terephthalate) ,  polystyrene, 
poly(methyl  methacrylate),  and  polyethylene  has  been  studied 
by  time  resolved  reflectivity.  The  width,  fluence,  and  peak 
intensity  of  a  KrF  (248  nm)  laser  pulse  reflected  from  the 
polymer  surface  was  determined  over  a  large  range  of  incident 
laser  fluences,  1  -  3000  mJ/cra^.  The  reflected  pulse  was 
truncated  once  the  incident  fluence  exceeded  a  critical  value 
(threshold),  characteristic  for  each  polymer.  Above  the 
threshold  the  pulse  decayed  exponentially  with  time  constants 
ranging  from  2  to  6  ns.  The  threshold  fluences  for  pulse 
truncation  were  usually  somewhat  lower  than  the  ablation 
thresholds  measured  photoacoustically.  The  results  are 
interpreted  in  terms  of  time  dependent  absorption  and 
scattering  from  particles  emerging  from  the  surface  during 
ablation.  Our  analysis  suggests  that,  during  ablation  with 
ns  wide  laser  pulses,  large  particles  are  ejected  initially 
which  are  continuously  reduced  in  size  during  the  laser 
pulse . 
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PHOTOCItEMICAL  PROTON-TRANSFER  LASERS 
Boris  M.Uzhinov 

Chemical  Department,  Moscow  State  University 
119899,  Moscow,  Leninskie  gory,  USSR 


In  a  photochemical  laser  the  lasing  particle  is  formed  as 
a  result  of  the  photochemical  adiabatic  reaction.  In  present 
communication  the  general  principles  for  the  photochemical  la¬ 
sers  creation  have  been  considered.  The  photochemical  proton- 
transfer  lasers  have  been  discussed  in  details.  The  criteria 
for  acid-base  system  selection  of  active  media  for  proton- trans¬ 
fer  lasers  have  been  stated. 

The  regularities  of  lasing  of  proton- transfer  reaction 
products  of  oxy-,  0x0-,  amino-  and  azaaromatic  compounds  have 
been  analyzed.  The  mutual  negative  influence  of  conjugated 
acid-base  equilibrium  components  of  azaaromatic  compounds  on 
their  lasing  effect  has  been  detected.  It  results  in  the  impos¬ 
sibility  of  simultaneo'.us  lasing  of  conjugated  acid-base  forms 
of  azaaromatic  compounds. 

The  important  role  of  short-lived  intermediates  formed  in 
photochemical  electron- transfer  reactions  in  laser  active  me¬ 
dia  has  been  shown.  The  active  media  photostability  of  proton- 
transfer  lasers  and  the  effect  of  medium  acidity  and  basicity 
on  the  active  solutions  degradation  have  been  considered.  Some 
additions  to  active  media  to  increase  the  photostability  and 
efficiency  of  active  media  have  been  suggested. 

The  acid-base  systems  provided  the  wide  tuning  range  have 
been  analyzed.  Some  recommendations  to  purposeful  synthesis  of 
organic  compounds  for  active  media  of  photochemical  proton- 
transfer  lasers  have  been  given.  New  approach  for  the  photoche¬ 
mical  lasers  creation  to  get  a  wide  tuning  range  has  been  pro¬ 
posed.  The  experimental  results  on  the  photochemical  proton- 
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COMPOllTIiMp.NT  PHOTOClliMlQUE  OU  BOIS  BXPOSli  A  UNB  LUMIBRE 
DU  'ITPli  SOLAHU: :  ASPECfS  MOLECIJLAIRCS 

MiiriC'ChrisiincTiiboulot-Trouy,  Daniel  Masson,  ArnJrd  Merlin  ct  Xavier  Dcglisc 

Laboraloirc  dc  I’liotiKliimic  Appliqudc  -  ESSTIB  -  Univcrsiid  ilc  Nancy  1 
01’  239  -  54506  Vamlocuvrc  les  Nancy  Ccclca  (I'rancc) 

L'dludc  du  conipoitcnicnt  pliulochiinUpic  il  la  luniidic  solairc  dti  bois  {Abies  gmndis  ct 
Qttercus  robur)  nous  a  pcrniis  dc  tneUre  cn  dvidcncc  Ic  tulc  principal  dcs  lignincs  cl  dcs 
substances  cxtructiblcs  dans  les  difldrcntcs  rdactions  induisant  dcs  nuxlifications  dc  coulcurs  dc 
cc  inatdriau,  En  s'appuyaiU  sur  les  rdsultats  obtenus  sur  Ic  coinportcinent  photocbiiniciuc  dcs 
lignincs  soil  dircctcincnt,  suit  it  I'aidc  dc  moldculcs  nioudles,  nous  avons  pu  luonircr  que, 
quclquc  soil  Ic  chromophorc  concernd,  qu'il  provienne  dcs  lignincs  ou  dcs  substances 
cxtructiblcs,  les  photoproduits  furnids  out  pour  originc  cxcliisivcincnt  un  radical  phenoxy  dont 
la  cindtique  d'apparition  ct  la  stabilitd  oni  pu  ctre  suivics  par  rdsonance  paiainagndllquc 
dlcclroni(iuc. 

Cette  dtude  indcanistique  nous  pennet  dc  connaltrc  a  priori  quclics  sent  les  dtapes 
rdactionuclcs  qu'il  faudra  ddfavoriscr  pour  assurer  la  stubilitd  dc  !u  coulcur  d'un  bois  exposd  au 
rayonncinent  solairc. 


PI  lOTOCI  iPiMICAL  lUil  lAVIOUR  OP  WOOD  IRK ADIATI-D  WITI  i  A 
SOLAR-TYPli  LIGHT ;  MOLECULAIi  ASlMiCI  S 

Miuic-Chrislinc  Tiilwulot-Trouy,  Daniel  Masson,  Aiulid  Merlin  el  Xavier  Deplise 

Laboraloire  de  Pliotocliimic  Appli(|udc  -  lISSTin  -  Universild  dc  Nancy  I 
HP  239  -  54506  Vandoenvre  les  Nancy  Cedex  (Prance) 


We  have  followed  the  pluitodegradalion  of  Pir  (Abies  };ran(lis)  and  of  euiopean  Oaks 
when  they  are  irradiated  with  a  solar-type  light.  This  study  has  shown  that  the  main 
components  related  to  llie  photochemical  reactions  leading  to  color  changes  of  wood,  were 
lignins  and  extractives. 

Experiments  ciirried  directly  on  lignin  or  on  model  componnd.s  showed  that,  wherever 
tlic  invoivcrl  chromopltore  came  from  (lignin  or  extractives),  the  ithotoprodiicts  were 
originating  cxchisivcly  from  a  phenoxy  radical.. 

The  kinetics  of  appeal ance  and  the  slahility  of  titis  radical  Itave  heen  followed  hy 
electron  spin  le.sonancc. 

Tliis  study  abotil  titc  photochemical  mccanism  of  photodcgradalion  of  wood,  allows  to 
know  wliiclt  arc  tItc  different  steps  we  have  to  inhibit,  in  older  to  insure  the  stability  of  the  color 
of  wood  exposed  to  solar  light.. 
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SYNTHESES  DE  POUDHES  NANOHETHIQUES  A  BASE  DE  BILICIUM  PAR 
HEACTION3  INDUITES  PAR  LASER 


Michel  LUCE,  Odette  CROIX  et  Michel  CAUCllE'i'IEU 

CEA  DRECAM/SPAM  CEN  Saclay  91191  GIE  SUR  YVETTE  Cedox  (France)  . 

Des  poudrcs  nanomdtriqucs  ont  etc  propareos  6  partir  de 
rdactants  gazeux  cliaufCcs  par  la  radiation  IR  d'un  laser  COj 
continu  do  puissance.  Avec  SiH^  comme  absorbant,  des  poudres  do 
Si,  Sic  '  ,  sij  ct  do  composites  Si/C/N  ^  ont  6t6  Cormiies 
respectivement  a  partir  de  Sill^ ,  de  melanges  SiII^ -liydrocarbures, 
Sill^  -  NHj  et  Sill^  -  Cllj  NHj  -  Nllj  .  Le  melange  gazeux  croise 
orthogonalement  le  Caisceau  laser  dans  un  rdacteur  A  flux  croisAs 
sans  effct  de  parois.  Lcs  reactions  sc  produiscnt  en  des  temps 
trcs  courts  (I-IO  ms)  A  haute  temperature  (jusqu'A  1000*C)  et  avec 
formation  de  Clamme.  En  changeant  les  conditions  de  reactions 
(debits  et  rapport  des  reactants,  puissance  laser  et  enthalpies 
des  reactions)  des  poudres  amorphes  ou  cristallines  A  composition 
chimlque  et  taille  variables  sont  obtenues.  Dans  le  cas  de  la 
synthfese  de  Sic  A  partir  de  mdlanges  Sill^-  C^llj  ,  des  taux  de 
production  supdrieurs  A  100  g/h  sont  obtenues  A  I'echelle 
laboratoire  avec  de  hauts  rcndements  (>  95  %) .  Des  mdthodes 
classiques  sont  utilisdes  pour  la  caractdrisation  des  poudres  : 
spectroscopie  lU,  diffraction  des  rayons  X,  microscopic 
dlectronique,  mdthode  DET  (determination  des  surfaces  sp6cifiqucs) 
et  analyse  chimique.  Mais  des  methodes  plus  sophistiqudes  comme 
I'ESCA,  I'EXAFS,  ...  sont  mises  en  oeuvre  actuellemcnt. 

La  densif ication  de  Sic  A  97  %  de  la  densitd  thdorique  est 
atteinte  par  frittage  naturel  A  2050'C  sous  courait  d'argon  avec 
une  Vitesse  de  lontce  en  tempdrature  de  lO’C/min.  Lcs  pieces 
donsifidcs  prdsentv'nt  des  proprietds  thermomdcaniques  amdliordes^ . 


REFERENCES 
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2.  M.  LUCE,  0.  CROIX,  C. ROBERT  et  H.  CAUCllETIER.  In  Ceram.  Trans., 
vol.12,  Ceramic  Powder  Science  III,  cd.  G.L.  Messing  and  al.,  pp. 
2C7-74  (1990) 

3.  O.  CROIX,  M.  GOUNAUD,  P.  BERGEZ,  M.  LUCE  et  M.  CAUCllETIER. 

7th  CIMTI (World  Ceramics  Congress)  Montecatini  Terme  (Italie) 
24-30  juin  1990. 


VlI-10 


SYNTHESES  OF  HANOSCALE  SI-DASED  POWDEHS  DY  LASER  DRIVEN  REACTIONS 


Michel  LUCE,  OdoLte  CROIX  and  Michel  CAUCIIETIER 
CEA-DRECAH/SRAM  CEN  Saclay  91191  GIF  SUR  YVETTE  Cedex  (France) 


UltraCino  powders  in  the  nanometric  range  were  synthesized 
from  gaseous  reactants  heated  with  the  IR  radiation  of  a  high 
power  continuous  wave  CO^  laser.  With  Sill^  as  absorbant  reagent, 
Si,  Sic’,  SijN^  and  Si/C/H  composites^  powders  were  formed  from 
neat  Si\\^  ,  Sill^ -hydrocarbon  mixtures,  Sill^-NIlj  mixtures  and 
Sill^  -  Cl!^  NIIj-NIIj  mixtures  respectively.  In  a  crossflow 
configuration  cell  the  gaseous  phase  intersects  orthogonally  the 
laser  beam  without  wall  effects.  Reactions  occur  in  very  short 
times  (1-10  ms)  at  high  temperature  with  flame  (up  to  lOCO’C) .  hy 
changing  the  reaction  conditions  (Clow  rates  and  ratios  of  the 
reacting  gases,  laser  power  and  reaction  enthalpy)  amorphous  to 
crystalline  powders  with  variable  size  and  chemical  composition 
are  formed.  In  the  case  of  SiC  synthesis  from  Sill^-Cjllj  mixtures, 
production  rate  up  to  100  g/h  is  obtained  at  laboratory  scale  with 
high  yield  (>  95  \) .  Conventional  methods  are  used  for  the 

characterization  :  IR  spectroscopy,  x-ray  diffraction,  electronic 
microscopy,  DET  method  (specific  surface  area  determination)  and 
chemical  analysis.  Dut  more  sophisticated  methods  like  ESCA, 
EXAFS,  ...  are  in  progress. 

Densif ication  of  Sic  at  97  1;  of  tlic  tlieoretical  density  is 
reached  by  pressurolcss  sintering  at  2050*C  under  flowing  argon  at 
10*C/min  heating  rate.  Improved  thcrmomechanical  properties  are 
obtained  in  the  densif icd  parts^ . 


REFERENCE.'; 


1.  M.  CAUCIIETTER,  0.  CROIX  and  M.  LUCE.  Adv.  Ceram.  Mat.  3(G)  G-IR- 
52  (1900) 

2.  M.  LUCE,  O.  CROIX,  C.  ROBERT  and  M.  CAUCIIETIER.  In  Ceram. 
Trans.,  vol.  12,  Ceramic  Powder  Science  III,  od.  C.L.  Messing  et 
al.  pp.  2G7-V<1  (1990) 

3.  0.  CROIX,  M.  GOUHAUI),  P.  HERCEZ,  M.  LUCE  and  M.  CAUCIIETIER. 

7th  CIMTEC  (World  Ceramics  Congress)  Montecatini  Tormo  (Italy) 
1990,  24-30  June. 
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DETECTION  OF  NO  IN  THE  POST-DISCHARGE  OF 

A  Ni/Oj  MICROWAVE  PLASMA  USING  AN  ARF  LASER 

Christ  lane  Lalo,Jean  Deson,  Chrlstophe  Cerveau  and  RocitT  Oeti-Alm 

Lnboratolre  de  Chlmlo  Gftnftrole  UPMC-CNRS  URA  1426 
Tour  65,  4  place  Jussieu  75252  PARIS  cedex  05 


ArF  Laser  Induced  Fluorescence  (LIF)  spectroscopy  was  applied 
to  the  investigation  of  the  wlbrationnal  temperature  and 
density  of  NO  achieved  In  the  post-dlscharoe  of  a  Ni-Oj 
microwave  plasma  induced  at  2450MH2  in  low  pressure  condiUioria 
(P  =  lOmbar). 

The  light  from  a  broad  band  excimer  laser  (I93nm)  excites  NO 
molecules  in  the  axis  of  the  discharge  tube  and  the  dispersed 
fluorescence  of  NO  was  detected  at  right  angle  of  tine  laser 
beam  as  the  distance  d  between  the  observation  point  and  the 
resonant  cavity  was  varied. 

The  relative  Intensity  of  emission  bands  from  N0(D,v‘.i  O)  and 
N0(A,v'»  3)  provides  an  estimation  of  the  relative  population 
Nv*i/Nv«o  of  vlbrat lonnaly  excited  ground  state  molecules  and 
then  the  NO  vlbratlonnal  temperature  con  be  determined  alorig 
the  post-discharge  (Fig  1), 

A  calibration  ctirve  of  the  N0(A,v's  0)  fluorescence  slgnul 
versus  known  concentrations  of  NO  in  flowing  mixtures  Ni/Oj /NO 
was  performed  to  determine  density  of  N0(X,v"=  0)  along  tlie 
poat-dischorga  in  low  temperature  region  :lt  ranges  from  10' 
to  10'*  molec.cm-3. 


Fig  1;  Post -dl scharge 
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HlOTOJiJjIiCi'KOPiDrsIGAL  AND  SPJiiCi'llAL  aiARACi'KlUai'IGS  OF  SOLID- 
3TATE  LIGHT  JaMiillGr  CONVEHTERS  BASED  ON  AN  INOJRGANIG  SEMIGON- 
DUCl'OR-KLEOTHIGALLY  GONDUCTIVE  POLIMER  aTRUCTURE 
VlkoXiJ  D.Pokhodeako,  NlkoI<ij  F.  Guba 
L.V.PisaralievakiJ  laatiLube  oI'Ph;7aicul  ClicmiGUi-y  of  the 
UlcxSSR  Academy  of  Scioucea 

Prospect  NaukI,  Kiev,  2^2020  USSR 

New  Bolid-state  convertera  ol  luminous  to  elecUricol  enex'- 
gy  baaed  on  an  inorganic  semiconduc1:oa>*organic  electrically 
conductive  polymer  sandv/ich  structure  were  suggested  and  con¬ 
figured.  The  effect  the  nature  of  the  inorganic  semiconductor 
and  the  organic  polymer  film  had  on  the  photo-emf  and  the 
short-circuit  current  of  cells  was  elucidated.  Some  insight 
into  the  current-voltage  characteristics  of  Cffle/polymer/Au 
and  Si/polymer /Au  devices  In  the  dark  and  under  illumination 
was  provided  and  magnitude  of  the  photo-emf  and  the  short- 
circuit  current  ascertained  as  influenced  by  incident  light 
intensity,  illumination  time  and  shelf  life. 

With  increasing  incident  light  intensity  the  photo-emf  of 
Gdle (polymer) Au  and  Si(polymer)Au  cells  waa  found  to  rise  at 
low  intensities  and  then  attain  saturation  as  the  incident 
light  intensity  further  enhanced.  In  contrast,  the  cells'  pho- 
tocurrent  showed  linear  dependonoe  on  the  incident  light  in¬ 
tensity.  The  converters  developed  wore  dea instrated  to  be 
photosensitive  in  the  UV,  visible  and  near  IR  spectral  regi¬ 
on.  This  made  one  believe  that  the  devices  proposed  might 
find  application  as  photosensitive  transducers  for  a  wide 
spectral  range.  The  convortei’S'  major  parameters  -  photo-emf, 
short-circuit  current,  fill  factor  and  efficiency  -  were  de¬ 
termined  and  their  fabrication  conditions  optimized.  The  pho- 
toconverter  based  on  the  polycrystalline  cadmium  tellurido 
and  electrically  conductive  organic  polymer  has  the  following 
specifications,  photo— emft  0»4V{  short-circuit  current. 

2.4  oA/cm^;  fill  factori  0.5}  efficiency t  spectral  pho¬ 

tosensitivity  range:  260-380  nm,  extending  also  into  the  ne¬ 
ar  IR, 
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THE  CREATION  OF  THE  DATABASE  ON  PHOTOCHEMISTRY  AND  LUMINESCENCE 

Jacob  Malkin 

The  Weizmann  Insiltuie  of  Science,  76100  Rehovot  Israel 

On  the  base  of  the  author's  monograph(i)  the  database  is  boeing  created  at  Weizmann 
Institute  ol  Science  to  collect  and  to  classify  ali  available  data  on  photochemistry  and 
luminescence  aromatic  compounds.  The  compounds  are  classified  by  both 
spectral-luminescent  (extinction  coefficients,  energies  and  lifetimes  of  lower  excited 
stales,  quantum  yields  of  luminescence  in  various  solvents)  and  photochemical  properties. 
The  diverse  variety  ol  photochemical  reactions  of  aromatics  is  considered  assuming  the 
existence  ol  8  types  of  elementary  photochemical  processes;  monomolecular 
{a)pholodissociation.  b)cls-lrans  and  c)valence  photoisomerization}  and  bimolecular 
{d)eleclron,  e)proton  and  l)hydrogen  atom  transfer  and  g)perycyclic  and 
h)photosubslilulion  reactions)  Aromatic  compounds  are  grouped  roughly  into  8  classes 
(initial  aromatic  hydrocarbons  and  their  alkyl  derivatives;  hydrocarbons  with  a  chain 
structure;  amines,  oxy-,  niiro-  carbonyl-  ,  halogen-'  and  cyano-derlvaiives),  and  the 
possibility  of  occurrence  of  all  types  ol  elementary  pholoprocesses  is  analyzed. 

The  dalabase  is  convenient  for  establishment  of  spectral,  luminescent  and  photochemical 
properties  (possibility  ol  occurrence  and  efficiency)  of  all  aromatics  studied  so  tar.  Two 
examples  (or  the  data  rcprcsenlalion  are  given  below. 

Luminescence  Parameters 

Compound;  Solvent;  ((ifi;  tn  ;ti:M  ;(^t  jtx;  E(S);  E(T)  ;  (t)pi,  ;TPh  ;,  Reterenccs 

i^Pi  and  TFi  are  quantum  yield  and  life-time  of  fluorescence;  xfm  natural  (calculated)  lile- 

llme  ol  lluorescenco;.  (t>T  andxr  are  quantum  yield  and  life-time  ol  triplet  state;  E(S)  and 

E(T)  are  the  energies  of  S|  andT,  slates;  $n,  andTph  are  quantum  yield  and  tile-lime  of 

phosphorescence; 

Pholochemicai  Properties 

Compound;  Solvent;  Roagonl ;  Typo;  Products;  Xex  ;4i;  (C);  Reterenccs 

Type  (see  a-h);  <|>  quantum  yield  ol  product  formation  by  concentration  ol  reagent  (it  any) 

C  at  cxcilalion  \ox 

The  author  inquires  all  the  pholochcmisis  to  take  part  in  the  data  collection  and  to  send  llicir 
data  to  the  address  above 

(1).  Jacob  Malkin,  Pliolophysical  and  Photochemical  Properties  ol  the  Aromatic 
Compounds,  CRC,  Boca  Raton,  1991 
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Progress  on  Sacrilicial  PholoincJucocl  Mytlrogcn  ProcJiicUon 

Clirislian  Konigslein  and  Rupert  Uauer 
Instilul  fur  Physikalische  Chemie,  Technisclio  Univorsildl  Wien 
Getreidemarkt  9,  A  -  1060  Vienne,  AUTRICI  IE 

Sacrificial  hydrogen  production  is  of  great  intciost  for  the  storage  of  solar  energy,  if 
the  sacrilicial  agent  is  cheap.  Two  different  systems  were  studied  lor  sacrilicial 
hydrogen  production  using  glucose  and  isopropanol  as  sacrilicial  electron  donors  in 
the  presence  or  absence  of  sensitizers.  When  solutions  containing  1,1",1’''-trimethyl 
[4,2’;4’,,4";6',4"']quaterpyridinium  trichloride  (1),  or  1,1’’,1"’-lriethyl[4,2';4’,4”;6',4"’] 
qualerpyridinium  trichloride  (2),  or  1,1‘’,1”'-tripropyl[4,2‘;4’,4":6’,4"’)quaterpyridinium 
trichloride  (3),  or  1,1",1"'-tribenzyl[4,2’;4‘,4";6‘,4'’‘]quaterpyridinium  trichloride  (4),  a 
colloidal  redox  catalyst  (platinum,  palladium),  acetate  buffer,  and  glucose  were 
irradiated  with  light  (X  >  280  nm)  hydrogen  was  detected  in  the  gas  phase.  In  this 
reaction,  compounds  1  -  4  are  able  to  combine  the  features  of  a  sensitizer  and  an 
electron  relay  and  are  therefore  called  relay-sensitizers.  The  UV-VIS  spectroscopy  of 
irradiated  solutions  showed  the  formation  of  reduced  radicals  of  compounds  1  -  4 
(^MAx  3'  500  and  630  nm).  Quantum  yields  for  hydrogen  production  were  found  to  be 
in  the  range  of  1C  %  (calculated  for  absorbed  light),  in  contrast,  irradiation  of  solutions 
containing  methyl  viologen  instead  of  compounds  1  -  4  did  not  lead  to  the  formation 
of  hydrogen  even  in  the  presence  of  Ru(bipy)3Cl2or  proflavine  as  additional  sensitizer.; 
The  reaction  mechanism  of  photoinduced  hydrogen  production  will  be  discussed  in 
detail.  The  electron  transfer  from  the  sacrificial  electron  donor  (glucose  or  iso¬ 
propanol)  to  the  excited  relay-sensitizer  (1)  -  (4)  is  postulated  as  a  first  step.  Redox 
potentials  of  excited  states  were  estimated  by  using  zero-zero  transition  energies 
(calculated  from  fluorescence  data)  and  redox  potentials  of  ground  states  (measured 
by  cyclic  voltammetry);  e.g.  lor  compound  1,  =  2.07  V. 

Since  compounds  1  -  4  have  only  weak  absorbances  in  the  visible  light  region  (e.g. 
*0’’  ^MAx  =  ^*50  nm,  6  =  12  I  mol"'  cm'*),  derivatives  of  fluorenone  (10H-6,7,8,9- 
telrahydro(1)benzothieno(2,3-b)pyrrolizin-10-one(S1),0H-6-phenyllhieno(2,3-b)pyrro- 
lizin-8-one  (S2),  8H-methylthieno(2,3-b)pyrroiizin-8-one  (S3),  8H-6-melhyl-7-phenyl- 
tt,!3no(2,3-b)-pyrrolizin-8-one  (S4))  were  developed  and  shown  to  possess  stronger 
absorbances  in  the  visible  region  (e.g.  for  SI,  =  458  nm,  e  =  4601  mol’’  cm’’). 
Compounds  S1  -  S4  were  able  to  act  as  sensitizers  for  sacriHcial  hydrogen  production 
in  addition  to  fluorenone  and  benzophenone irradiation  of  solutions  containing  S1  - 
S4,  isopropanol  (or  glucose)  and  colloidal  platinum  catalyst  with  light  (X  >  280  nm) 
gives  small  amounts  of  hydrogen  in  the  gas  phase.  Addition  of  methyl  viologen  to 
such  solutions  increases  the  quantum  yields.  The  fluorescence  and  absorption 
behaviour  of  compounds  S1  -  S4  were  dependent  on  solvent  and  pH. 
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PHOTOCHEMICAL  ENGINEKRINC; 
AND  SUPERCRITICAL  FLUIDS 


Maric-biurc  Viriot,  Maric-Chrislianc  Ciird,  1  Icniiansyah  Aziz  and  Jcan-Claiide  Andrd 
GUAP1>-DCPR-UKA  328  du  GNUS.  ENSIC-INPL,  t.rucGranclvillc.  UP <151, 5-1001  F-NANCY  CnDEX 


Pliotochcniical  and  photupiiysical  plicnonicna  in  supercritical  fluids  arc  still  relatively 
unexplored.  And  yet  the  numerous  advantages  described  when  it  is  used  ns  solvent  make  it 
attractive  for  studies  in  this  Ttcld. 

Ilic  use  of  supercritical  fluid.s,  such  as  liquid  carbon  dioxide  and  the  development  of 
new  photorcactors  adapted  to  high  pressure,  were  first  applied  to  the  study  of  the 
photoisomerization  of  hop  a  acids  (humulonc)  into  iso-a  acids  (trans  iso-humulonc)  I'l,  the 
compounds  mainly  responsible  for  the  bitterness  of  beer.  Tliis  research  was  done  witli  the 
main  objective  to  use  liquid  CO2  hop  extracts,  with  in  mind  the  food  indusU’y  requirements 
by  avoiding  use  of  organic  solvents.  Moreover,  the  use  of  CO2  increases  the 
photoitiomcrizalion  rate,  thanks  to  the  tow  viscosity  of  liquid  CO2;  this  is  in  agreement  with 
the  observation  that  ilic  photoisomerization  of  humulonc  is  viscosity  dependent  1^1. 

Secondly,  we  have  considered  two  other  photochemical  reactions  involving  double 
bond  isonicrizations,  with  the  use  of  liquid  CO2  as  solvent  I3). 

*  The  photochemical  production  of  previtamins  D,  precursors  of  vitamins  D,  by 
B-ring  opening  of  particular  steroids  (photoisomcrization  of  a  cyclohcxaU’icnc  into  a  iricnc) : 
during  this  study,  it  was  shown  that  crgo.stcrol  was  slightly  soluble  in  CO2  and  even  if  the 
reactivity  of  crgoslcrol  is  much  grc.itcr  in  CO2  than  in  ether,  the  mass  balance  of  reaction 
products  is  in  counterpart  lower. 

*  The  trans-cis  photoisomcrization  of  a-ionon  :  the  photorcaction  carried  out  in  liquid 
CO2  compares  very  well  with  the  one  done  in  ethanol.. 

Ml  M.L.  VIKIOT,  J.C.  ANDRU,  M.  NICLAUSE,  D.  HAZARD,  It.  I'LAYliUX,  M.  MOLL 
J.  Inst.  Drew.,  £(2,21-24  (1980) 

12)  A.  SAID.  M.L.  VIRIOT,  J.C.  ANDRE 
New.  J.  Chem.,  Ji.  425-428  (1987) 

(31  M.L.  VIRIOT,  II.  AZIZ.  J.C.  ANDRE 

In  "Supcrerilical  fluids",  PrcKccdings  of  the  International  Symposium,  Nice,  SPG,  M.  PERRUT, 
Tome  2. 953-960(1988) 
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PIIOTOCYCLIZATION  IN  SYNTHESIS  OF 

CATHARANTHIHE  AND  ITS  DERIVATIVES 

1  2  2 
Hedvlq  BSlcskei  ,  Eszter  Gacs-Baitz  and  Csaba  SzAntay 

^Chemical  Works  of  Gedeon  Richter  Ltd,  E-1475  Budapest,  P.O. 

Box  27  (Hungary). 

2 

Central  Research  Institute  for  Chemistry  Hungarian  Academy  of 
Sciences  H-1525  Budapest,  P.O.  Box  17,  (Hungary) 


Vinblastine  type  antitumor  diindole  alkaloids  can  be 

obtained  starting  from  catharanthlne  2d.  In  course  of  our 

synthesis  of  catharanchine  and  its  derivatives  the  various 

substituted  ibogane  skeletons  (2a-c)  have  been  developed  from 

“(1  2  ) 

la-g  by  photochemical  ring  closure  '  .  Depending  on  the 

position  of  the  ethyl  substituent  and  the  reaction  conditions 
different  types  of  rearranged  byproducts  were  obtained  /3-3/ 


Tetrahedron  jU  1G37 

(2)  Cs.  Szanl.ny,,  II.  Bdlcske)  ,  E.  Gncs-Baltz:.  jbid  4R  3711 
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